i 



^ UTILITY PATENT APPLICATION TRANSMITTAL LETTER 



(Only for new nonprovisional applications under 37 CFR 1.53(b) 



Docket No. 

OSP-8028 



o 

H 



inc 

u 



To the Assistant Commissioner for Patents: 

Transmitted herewith for filing is the patent application of: 

Hideki AS ADA 

corresponding to Japanese application 10-13 0558, filed May 
13, 1998, 

entitled: liquid crystal display device and driving method 

THEREFOR 

Enclosed are: 

173 pages of specification. 
43 sheets of formal drawings, 
a newly-executed declaration of the inventor. 



x 



x 



X 



X 



X 



X 



X 



X 



a copy of an executed declaration of the inventor from prior application 
Serial No. , filed . 

incorporation by reference. The entire disclosure of the prior application, 
from which a copy of the oath or declaration is supplied as indicated in the 
preceding box, is considered as being part of the disclosure of the accom- 
panying application and is hereby incorporated by reference therein. 

an assignment of the invention to nec corporation, including assignment 
cover sheet. 

information Disclosure statement with Form pto-1449. 
copies of the information Disclosure Statement citations, 
preliminary amendment. 

return receipt postcard (MPEP 503), specifically itemized. 

a verified statement to establish small entity status under 37 CFR 1.9 and 1.27. 

a verified statement to establish small entity status filed in prior application. 
Status is still proper and desired. 

a certified copy of the Japanese Priority Document. 

Other: inventor information sheet. 



if a CONTINUING application, check appropriate box and supply the requisite informa- 
tion. 

[] Continuation EI Divisional n Continuation-in-part (CiP) 
of prior application no. , filed . 



x 



customer no. 000466. 



X 



Correspondence address is: YOUNG & THOMPSON, 745 south 23rd street, 
Second Floor, Arlington, Virginia 22202. 



Telephone: (703) 521-2297. Telefax: (703) 685-0573 or (703) 979-4709. 



(Y&T 12/97) 



Page 1 of 2 



* 



UTILITY PATENT APPLICATION TRANSMITTAL LETTER Docket No. 

(continued) OSP-8028 



CLAIMS AS FILED 





NO. FILED 


NO. EXTRA 


RATE 


FEE 


BASIC FEE 






$ 760 


$ 760 


TOTAL CLAIMS 


89 - 20 = 


69 


x$ 18 


1242 


INDEPENDENT CLAIMS 


33 - 3 = 


30 


x$ 78 


2340 


MULTIPLE DEPENDENT CLAIM 
PRESENT 


^ffSllllillSillS 




$260 












TOTAL 


$4342 




if applicant has small entity status under 37 
CFR 1.9 and 1.27, then divide total fee by 2, 
and enter amount here. 


SMALL ENTITY 
TOTAL 


$ 



X 


A check in the amount of $4382 to cover the filing fee is enclosed. i 


X 


The commissioner is hereby authorized to charge indicated fees and credit any over- 
payments to Deposit Account No. 25-0120 in the name of Young & Thompson, as 
described below. A duplicate copy of this sheet is enclosed. 






Charge the amount of $ as filing fee. 




X 


credit any overpayment 




X 


Charge any additional fee required under 37 CFR 1.16 and 1.17, during 
the pendency of this application. 

Charge the issue fee set in 37 CFR 1.18 at the mailing of the Notice of 
Allowance. 



Robert J. Patch 
Registration no. 17,355 
745 South 23rd Street 
Arlington, VA 22202 
Telephone 703/521-2297 

April 13, 1999 



(Y&T 12/97) 



Page 2 of 2 



INVENTOR INFORMATION 



Inventor One Given Name : : 

Family Name : : 

Postal Address Line One:: 

Postal Address Line Two: : 

City: : 

Country: : 

City of Residence:: 
Country of Residence:: 
Citizenship: : 

CORRESPONDENCE INFORMATION 



HIDEKI 
ASADA 

C/0 NEC CORPORATION 

7-1, SHIBA 5-CHOME, MINATO-KU 

TOKYO 

JAPAN 

TOKYO 

JAPAN 

JAPANESE 



Correspondence Customer Number: 
Name Line One : : 
Address Line One:: 
Address Line Two:: 
City: : 

State/Province: : 
Country: : 

Postal or Zip Code:: 
Telephone : : 
Fax One : : 
Fax Two : : 



000466 

YOUNG & THOMPSON 

745 SOUTH 2 3RD STREET 

SECOND FLOOR 

ARLINGTON 

VIRGINIA 

U.S.A. 

22202 

703-521-2297 
703-685-0573 
703-979-4709 



APPLICATION INFORMATION 



Title Line One : : 
Title Line Two : : 
Total Drawing Sheets: 
Formal Drawings : : 
Application Type:: 
Docket Number: : 



LIQUID CRYSTAL DISPLAY DEVICE AND 

DRIVING METHOD THEREFOR 

43 

Y 

UTILITY 
OSP-8028 



REPRESENTATIVE INFORMATION 

Representative Customer Number: 

PRIOR FOREIGN APPLICATION 

Foreign Application One: : 
Filing Date : : 
Country: : 

Priority Claimed: : 



000466 



10-130558 
MAY 13, 1998 
JAPAN 
Y 



1 



PATENTS 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Hideki ASADA 
Serial No. (unknown) 
Filed herewith 

LIQUID CRYSTAL DISPLAY DEVICE 
AND DRIVING METHOD THEREFOR 



Prior to calculation of the filing fee, please amend 



the above- identified application as follows: 

TN THE CLAIMS : 

Claim 89, lines 2-4, change "claims 1 through 3, 5 
through 13, 15 through 23, 25 through 33, 35 through 43, 45 
through 53, 56 through 64, 67 through 75, and 78 through 86" 
to - - claim 1- - . 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 



Washington, D.C. 20231 



Sir: 



Respectfully submitted, 



YOUNG & THOMPSON 



By 




Robert J. Patch 
Attorney for Applicant 
Registration No. 17,355 
745 South 23rd Street 
Arlington, VA 222 02 
Telephone : 703/521-2297 



April 13, 1999 



LIQUID CRYSTAL DISPLAY DEVICE AND DRIVING METHOD THEREFOR 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an active matrix type liquid crystal display device 
used for projectors, note book PCs, monitors and the like, and to a drive method therefor. 



10 Description of the Related Art 

With the progress of the multimedia era, there has been rapid popularization of 
liquid crystal display devices from small size devices used in projector apparatus, to 
large size devices used in notebook PCs, monitors and the like. In particular, with the 
active matrix type liquid crystal display device which is driven by thin film transistors, 

15 since this obtains a high resolution, and high picture quality compared to the simple 
matrix type liquid crystal display device, these have become the main stream of liquid 
crystal display devices. 



FIG. 59 shows an example of an equivalent circuit for one pixel section of a 
20 conventional active matrix type liquid crystal display device. As shown in FIG. 59, the 
pixel of the active matrix type liquid crystal display device comprises a MOS type 
transistor (Qn) (referred to hereunder as transistor (Qn) 5904 with a gate electrode 
connected to a scanning line 5901, one of a source electrode and a drain electrode 
connected to a signal line 5902, and the other of the source electrode and the drain 
25 electrode connected to a pixel electrode 5903, a storage capacitor 5906 formed between 
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the pixel electrode 5903 and a storage capacitor electrode 5905, and a liquid crystal 5908 
interposed between the pixel electrode 5903 and an opposing electrode Vcom 5907. 
Presently, with notebook PCs ,which constitute a large practical application market for 
liquid crystal display devices, normally for the transistor (Qn) 5904, an amorphous 
5 silicon thin film transistor (referred to hereunder as an a-SiTFT) or a polysilicon thin 
film transistor (referred to hereunder as a p-SiTFT) is used. Moreover, for liquid crystal 
material, a twisted nematic liquid crystal (referred to hereunder as a TN liquid crystal) is 
used. FIG. 60 shows an equivalent circuit for a TN liquid crystal. As shown in FIG. 60, 
O the equivalent circuit for the TN liquid crystal can be represented by a circuit where a 

^ 10 liquid crystal capacitance component Cpix, and a resistance Rr and capacitance Cr are 

jfS connected in parallel. Here the resistance Rr and the capacitance Cr are components for 

%g determining the response time constant of the liquid crystal. 



The timing chart for a gate scanning voltage Vg, a data signal voltage Vd, and a 
15 voltage of the pixel electrode 5903 (referred to hereunder as the pixel voltage) Vpix, for 
the case where this TN liquid crystal is driven by the pixel circuit construction shown in 
FIG. 59, is shown in FIG 61. As shown in FIG. 61, due to the gate scanning voltage Vg 
in the horizontal scanning period becoming a high level VgH, the transistor (Qn) 5904 
comes on, and the data signal voltage Vd input to the signal line is transferred to the 
20 pixel electrode 5903 through the transistor (Qn) 5904. The TN liquid crystal normally 
operates in a mode which passes light when a voltage is not applied, that is a so called 
normally-white mode. Here for the data signal Vd, a voltage which gives a high light 
transmittance through the TN liquid crystal is applied over several fields. When the 
horizontal scanning period is completed and the gate scanning voltage Vg becomes a low 
25 level, the transistor (Qn) 5904 goes off, and the data signal transferred to the pixel 



electrode 5903 is held by the storage capacitor 5906 and the capacitance Cpix of the 
liquid crystal. At this time, with the pixel voltage Vpix, at the time when the transistor 
(Qn) 5904 goes off, a voltage shift referred to as feed-through voltage occurs through 
the capacitance between the gate and source of the transistor (Qn) 5904. In FIG. 61 this 
is shown by Vfl, Vf2 and Vf3. The amount of this voltage shift Vf 1, Vf2 and Vf3 can 
be made smaller by designing the value for the storage capacitor 5906 to be large. The 
pixel voltage Vpix is held until the gate scanning voltage Vg again becomes a high level 
in the subsequent field period and the transistor (Qn) 5904 is selected. The TN liquid 
crystal switches in accordance with the held pixel voltage Vpix, and as shown by the 
light transmittance Tl, undergoes a transition from the state where the liquid crystal 
transmitted light is dark to the state where this is bright. At this time, as shown in FIG. 
61, in the holding periods, the pixel voltage Vpix fluctuates slightly in the fields by 
respective amounts A VI, AV2and AV3. This is in accordance with the liquid crystal 
response, and is attributable to the change in the capacitance of the liquid crystal. 
Normally, in order to make this fluctuation as small as possible, the storage capacitor 
5906 is designed with a value 2 to 3 three times larger than the pixel capacitance Cpix. 
As described above, the TN liquid crystal can be driven by the pixel circuit configuration 
shown in FIG. 59. 

However, as indicated by the change in the light transmittance shown in FIG. 61, 
with the response time of the TN liquid crystal normally large at from 30 to 100 msec, 
then there is the problem that in the case where an object moving at high speed is 
displayed, a residual image occurs and a distinct display is thus not possible. 
Furthermore with the TN liquid crystal, there is the problem that the viewing angle is 
narrow. Therefore recently, in order to provide high speed and a wide viewing angle, 



research and development of liquid crystal materials having polarization, and liquid 
crystal display devices using such liquid crystal materials has been actively performed. 
An equivalent circuit for a high speed liquid crystal having polarization can be 
represented as shown in FIG, 62, by a circuit where a series connected resistance Rsp 
and capacitance Csp, and a high frequency pixel capacitance Cpix which does not 
change with rotation of polarization, are connected in parallel. The construction of the 
equivalent circuit is the same as for the equivalent circuit for the TN liquid crystal 
previously shown in FIG. 60. However, the resistance Rsp and capacitance Csp which 
determine the liquid crystal response time are different from those of the TN liquid 
crystal. Therefore in order to distinguish that these are components participating in 
polarization response, they are shown as a separate figure. 

For such a liquid crystal material having polarization, there is for example, a 
ferroelectric liquid crystal, an antiferroelectric liquid crystal, a thresholdless 
antiferroelectric liquid crystal, a distorted helix ferroelectric liquid crystal, a twisted 
ferroelectric liquid crystal, and a monostable ferroelectric liquid crystal. Of these liquid 
crystal materials, in particular, with a liquid crystal display device using the thresholdless 
antiferroelectric liquid crystal, not only does this have high speed and wide viewing 
angle, but as disclosed for example in the Japanese Journal of Applied Physics, Volume 
36 p.720 referred to hereunder as reference 1, by using an active matrix type drive as 
shown in FIG. 59, then a gradation display is also possible. 

FIG. 63 shows a timing chart for the gate scanning voltage Vg, the data signal 
voltage Vd, and the pixel voltage Vpix, for the case where a thresholdless 
antiferroelectric liquid crystal is driven by the conventional pixel circuit construction 



shown in FIG. 59. As shown in FIG. 63, due to the gate scanning voltage' Vg in the 
horizontal scanning period becoming a high level VgH, the transistor (Qn) 5904 comes 
on, and the data signal voltage Vd input to the signal line is transferred to the pixel 
electrode 5903 through the transistor (Qn) 5904. The thresholdless antiferroelectric 
liquid crystal normally operates in a mode which does not pass light when voltage is not 
applied, that is a so called normally-black mode. When the horizontal scanning period is 
completed and the gate scanning voltage Vg becomes a low level, the transistor (Qn) 
5904 goes off, and the data signal transferred to the pixel electrode 5903 is held by the 
storage capacitor 5906 and the high frequency pixel capacitance Cpix of the liquid 
crystal. At this time, with the pixel voltage Vpix, at the time when the transistor (Qn) 
5904 goes off, then as with the beforementioned case of driving the TN liquid crystal, a 
voltage shift through the capacitance between the gate and source of the transistor (Qn) 
5904, referred to as feed-through voltage, occurs. Furthermore, after completing the 
horizontal scanning period, the pixel voltage Vpix fluctuates slightly in the fields by 
respective amounts A VI, A V2 and A V3 as shown in FIG. 63, due to reallocation of 
the electrical load held in the high frequency capacitance Cpix and the electrical load 
held in the capacitance Csp due to polarization. With the drive method disclosed in 
reference 1, a drive method for gradation control using the pixel voltage Vpix after this 
voltage fluctuation is disclosed. At this time, in FIG. 63, the light transmittance changes 
as shown by Tl, and the thresholdless antiferroelectric liquid crystal can be driven by 
means of the pixel circuit configuration shown in FIG. 59. 

As an example of a high speed liquid crystal which does not have polarization, a 
liquid crystal display device which uses an OCB mode liquid crystal is disclosed in 
IRDC 97, p. L - 66. An OCB mode liquid crystal is one which uses the bend orientation 



of the TN liquid crystal. Compared to the conventional TN liquid crystal; this can 
switch one or more columns at high speed. Furthermore, by jointly using bi-axial phase 
difference compensation films, a wide viewing angle display can be obtained. 

Recently, research and development into color liquid crystal display devices with 
a time division driving method which use a high speed crystal such as a ferroelectric 
liquid crystal, an OCB mode dielectric liquid crystal or the like, has become intense. For 
example in Japanese Unexamined Patent Publication No. 7-64051, there is disclosed a 
liquid crystal display device with a time division driving method which uses a 
ferroelectric liquid crystal. Moreover, in ERDC 97, p. 37, there is disclosed a color liquid 
crystal display device with a time division driving method which uses an OCB mode 
liquid crystal. With the liquid crystal display device with a time division driving 
method , color display is realized by successively changing the light incident on the 
liquid crystal to red, green and blue in a period of one field. Therefore, a high speed 
liquid crystal which responds in at least 1/3 of one field period or less is necessary. In 
the case where the liquid crystal display device with a time division driving method is 
applied to a direct viewing type liquid crystal display device such as a notebook PC or a 
monitor, a color filter is not required and hence a cost reduction for the liquid crystal 
display device can be achieved. Furthermore, in the case where this is applied to a 
projector apparatus, then a high aperture efficiency similar to that for a three plate type 
liquid crystal light bulb, can be realized with a liquid crystal display device with a single 
plate color display. Hence a small size, light weight, low cost and high brightness liquid 
crystal projector apparatus can be provided. 



In the case where a TN liquid crystal, a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or a high speed liquid TN crystal which 
responds within one field period, are driven by the above described conventional pixel 
construction and drive method, the following problems arise. 

In the case where, as described above, the TN liquid crystal is driven by the pixel 
construction shown in FIG. 59, then as shown in FIG. 61, with the pixel voltage Vpix, 
the voltage fluctuations of A VI, A V2 and A V3 occur due to the change in the liquid 
crystal capacitance in the holding periods. The amount of these voltage fluctuations 
changes depending on the amount for operating the liquid crystal molecules. Therefore 
even in the case where the same data signal is written in, since this depends on the data 
signal written into the previous field, a problem arises in that the voltage desired to be 
actually written to the liquid crystal cannot be continually applied over the holding 
period. As a result, the light transmittance of the liquid crystal which should become the 
curve shown by TO in FIG. 61, actually becomes the curve shown by Tl as mentioned 
before. Hence it is not possible to have an accurate gradation display. Heretofore, in 
order to reduce the voltage changes A VI, A V2 and A V3, then a method of solving this 
by designing to increase the storage capacity has been tried. In this case however, there 
is the problem that the aperture efficiency is reduced. 

Furthermore, in the case where a ferroelectric liquid crystal or an antiferroelectric 
liquid crystal having polarization is driven, then as shown in FIG. 63, with the pixel 
voltage Vpix, voltage fluctuations shown as A VI, A V2 and A V3 occur due to the 
polarization switching in the holding periods. These voltage fluctuations, as described 



before, are due to reallocation of the electrical load held in the high frequency 
capacitance Cpix and the electrical load held in the capacitance Csp due to polarization. 
Here Csp has a large value 5 to 100 times that of Cpix. Therefore the voltage changes 
AVI, A V2 and A V3 become a large value exceeding 1 to 2 volts, so that it is 
necessary to make the amplitude of the data signal large. As a result, the power 
consumption of the liquid crystal display device increases. The requirement also arises 
to make the signal processing circuit, the peripheral drive circuits and the pixel 
transistors have a high voltage endurance, so that there is the problem of an increase in 
cost of the liquid crystal display device. Moreover, since the amount of the voltage 
fluctuation A VI, A V2 and A V3 changes depending on the data signal written in the 
previous field, then the light transmittance of the liquid crystal which should become the 
curve shown by TO in FIG. 62, actually becomes the curve shown by Tl as mentioned 
before, so that it is not possible to have an accurate gradation display for each field. 
Consequently, when applied to a liquid crystal display device with a time division 
driving method , color display with good color reproducibility cannot be performed. 

A problem similar to that with the liquid crystal display device using the 
abovementioned liquid crystal material having polarization also occurs with a liquid 
crystal display device using an OCB mode liquid crystal. 

In Japanese Unexamined Patent Publication No. 7-64051, there is disclosed a 
liquid crystal display device which uses a single crystal silicon transistor, in order to 
solve these problems. However with the construction shown in FIG. 18 of Japanese 
Unexamined Patent Publication No. 7-64051, there is the problem that resetting of the 
transistor Q2 which operates as a source follower type amplifier is not done. Therefore 
if a data signal of a voltage lower than the previously written data signal is input, the 
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transistor Q2 remains in the off condition, so that a voltage corresponding to this data 
signal cannot be output. Furthermore, with the construction shown in FIG. 18 of 
Japanese Unexamined Patent Publication No. 7-64051, since the transistor Q2 goes off 
after the data signal is output to the picture element electrode 10, then when after this the 
5 polarization current for the ferroelectric liquid crystal flows, a problem similar to the 
beforementioned problem occurs in that the voltage of the picture element electrode 
fluctuates. 



SUMMARY OF THE INVENTION 

10 

It is an object of the present invention, with a liquid crystal display device which 
uses a TN liquid crystal, a ferroelectric liquid crystal having polarization, an 
antiferroelectric liquid crystal, or some another high speed liquid crystal which responds 
within one field period, to provide a small size, light weight, high aperture efficiency, 
15 high speed, high visual field, high gradation, low power consumption, and low cost 

liquid crystal display device, by eliminating the abovementioned voltage fluctuations A 

VI, AV2and AV3. 

In order to solve the abovementioned problems, with the liquid crystal display 
device of a first aspect of the present invention, in an active matrix type liquid crystal 
20 display device where pixel electrodes are driven by MOS type transistor circuits 

respectively disposed in the vicinity of intersection points of a plurality of scanning lines 
and a plurality of signal lines, the MOS type transistor circuits comprises: a MOS type 
transistor with a gate electrode connected to a scanning line, and one of a source 
electrode and a drain electrode connected to a signal line; a MOS type analog amplifier 
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circuit with an input electrode connected to the other of the source electrode and the 
drain electrode of the MOS type transistor, and an output electrode connected to a pixel 
electrode; and a voltage holding capacitor formed between the input electrode of the 
MOS type analog amplifier circuit and a voltage holding capacitor electrode. 
5 Preferably, in the liquid crystal display device, the MOS type transistor circuits 

are formed by integrating thin film transistors. 

Moreover, preferably for liquid crystal material, a nematic liquid crystal, a 
ferroelectric liquid crystal, an antiferroelectric liquid crystal, a thresholdless 
antiferroelectric liquid crystal, a distorted helix ferroelectric liquid crystal, a twisted 
10 ferroelectric liquid crystal, or a monostable ferroelectric liquid crystal is used. 

A first liquid crystal display device drive method of the present invention is 
characterized in that with a method of driving the liquid crystal display device according 
to the first aspect of the present invention, the method involves: in a scanning line 
selection period, storing a data signal in a voltage holding capacitor through the MOS 
15 type transistor; and in a scanning line selection period and a scanning line non selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
through the MOS type analog amplifier circuit. 

With a liquid crystal display device of a second aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
20 MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a p-type MOS transistor with a gate electrode connected to the other of the source 
25 electrode and the drain electrode of the n-type MOS transistor, and one of a source 
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electrode and a drain electrode connected to the scanning line, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the p-type MOS transistor and a voltage 
holding capacitor electrode; and a resistor connected between the pixel electrode and the 
voltage holding capacitor electrode. 

With a liquid crystal display device of a third aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to the scanning line, and the other of 
the source electrode and the drain electrode connected to a pixel electrode; a voltage 
holding capacitor formed between the gate electrode of the first p-type MOS transistor 
and a voltage holding capacitor electrode; and a second p-type MOS transistor with a 
gate electrode connected to a voltage adjustable power supply line, a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a fourth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
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scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to the scanning line, and the other of 
5 the source electrode and the drain electrode connected to a pixel electrode; a voltage 
holding capacitor formed between the gate electrode of the first p-type MOS transistor 
and a voltage holding capacitor electrode; and a second p-type MOS transistor with a 
gate electrode connected to the voltage holding capacitor electrode, a source electrode 
connected to a voltage adjustable power supply line, and a drain electrode connected to 
10 the pixel electrode. 

With a liquid crystal display device of a fifth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
15 circuits comprise: an n-type MOS transistor with a gate electrode connected to a 

scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to the scanning line, and the other of 
20 the source electrode and the drain electrode connected to a pixel electrode; a voltage 
holding capacitor formed between the gate electrode of the first p-type MOS transistor 
and a voltage holding capacitor electrode; and a second p-type MOS transistor with a 
gate electrode and a source electrode connected to the voltage holding capacitor 
electrode and a drain electrode connected to the pixel electrode. 
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With the liquid crystal display device of the second aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, preferably the resistance is formed from a semiconductor thin film, or a 
5 semiconductor thin film which has been doped with impurities. 

With the third through fifth aspects of the present invention, preferably the value 
of a source-drain resistance of the second p-type MOS transistor is set to less than or 
equal to the value of a resistance component which determines a response time constant 
of the liquid crystal. Furthermore, preferably the MOS type transistor circuits are formed 
10 by integrating thin film transistors. Moreover, it is also preferable if liquid crystal 
material is a nematic liquid crystal, a ferroelectric liquid crystal, an antif erroelectric 
liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a monostable 
ferroelectric liquid crystal. 
15 A second liquid crystal display device drive method of the present invention is 

characterized in that, with a method of driving the liquid crystal display device according 
to the second through fifth aspects of the present invention, the method involves: 
supplying a voltage higher than a maximum voltage of the data signal to the voltage 
holding capacitor electrode; and in a scanning line selection period, storing a data signal 
20 in the voltage holding capacitor through the n-type MOS transistor by means of a 

scanning pulse signal, and resetting the p-type MOS transistor or the first p-type MOS 
transistor by transferring the scanning pulse signal to the pixel electrode through the p- 
type MOS transistor or the first p-type MOS transistor; and after completion of the 
scanning line selection period, writing a signal corresponding to the stored data signal to 
25 a pixel electrode through the p-type MOS transistor or the first p-type MOS transistor. 
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With a liquid crystal display device of a sixth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; an n- 
type MOS transistor with a gate electrode connected to the other of the source electrode 
and the drain electrode of the p-type MOS transistor, and one of a source electrode and a 
drain electrode connected to the scanning line, and the other of the source electrode and 
the drain electrode connected to a pixel electrode; a voltage holding capacitor formed 
between the gate electrode of the n-type MOS transistor and a voltage holding capacitor 
electrode; and a resistor connected between the pixel electrode and the voltage holding 
capacitor electrode. 

With a liquid crystal display device of a seventh aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; a first 
n-type MOS transistor with a gate electrode connected to the other of the source 
electrode and the drain electrode of the p-type MOS transistor, and one of a source 
electrode and a drain electrode connected to the scanning line, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first n-type MOS transistor and a 
voltage holding capacitor electrode; and a second n-type MOS transistor with a gate 
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electrode connected to a voltage adjustable bias power supply line, a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of an eighth aspect of the present invention, 
5 in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; a first 
10 n-type MOS transistor with a gate electrode connected to the other of the source 
electrode and the drain electrode of the p-type MOS transistor, and one of a source 
electrode and a drain electrode connected to the scanning line, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first n-type MOS transistor and a 
15 voltage holding capacitor electrode; and a second n-type MOS transistor with a gate 
electrode connected to the voltage holding capacitor electrode, a source electrode 
connected to a voltage adjustable power supply line, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a ninth aspect of the present invention, in 
20 an active matrix type liquid crystal display device where pixel electrodes are driven by 

MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; a first 
25 n-type MOS transistor with a gate electrode connected to the other of the source 
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electrode and the drain electrode of the p-type MOS transistor, and one of a source 
electrode and a drain electrode connected to the scanning line, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first n-type MOS transistor and a 
5 voltage holding capacitor electrode; and a second n-type MOS transistor with a gate 
electrode and a source electrode connected to the voltage holding capacitor electrode, 
and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the sixth aspect of the present invention, 
preferably the value of the resistance is set to less than or equal to the value of a 
syj 10 resistance component which determines a response time constant of the liquid crystal. 

G Moreover, it is also preferable if the resistance is preferably formed from a 

SJ semiconductor thin film, or a semiconductor thin film which has been doped with 

impurities. 

f With the seventh through ninth aspects of the present invention, preferably the 

^ 15 value of a source-drain resistance of the second n-type MOS transistor is set to less than 

or equal to the value of a resistance component which determines a response time 
constant of the liquid crystal. 

With the sixth through ninth aspects of the present invention, preferably the MOS 
type transistor circuits are formed by integrating thin film transistors. Moreover, it is also 
20 preferable if liquid crystal material is a nematic liquid crystal, a ferroelectric liquid 

crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid crystal, 
a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a 
monostable ferroelectric liquid crystal. 

Furthermore, a third liquid crystal display device drive method of the present 
25 invention is characterized in that, with a method of driving the liquid crystal display 
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device according to the sixth through ninth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and in a scanning line selection period, storing a 
data signal in the voltage holding capacitor through the p-type MOS transistor by means 
5 of a scanning pulse signal, and resetting the n-type MOS transistor or the first n-type 
MOS transistor by transferring the scanning pulse signal to the pixel electrode through 
the n-type MOS transistor or the first n-type MOS transistor; and after completion of the 
scanning line selection period, writing a signal corresponding to the stored data signal to 
a pixel electrode through the n-type MOS transistor or the first n-type MOS transistor. 
10 With a liquid crystal display device of a tenth aspect of the present invention, in 

an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
15 (where N is an integer of two or more) scanning line, and one of a source electrode and a 
drain electrode connected to a signal line; a p-type MOS transistor with a gate electrode 
connected to the other of the source electrode and the drain electrode of the n-type MOS 
transistor, and one of a source electrode and a drain electrode connected to an (N-l)th 
scanning line, and the other of the source electrode and the drain electrode connected to 
20 a pixel electrode; a voltage holding capacitor formed between the gate electrode of the p- 
type MOS transistor and a voltage holding capacitor electrode; and a resistor connected 
between the pixel electrode and the voltage holding capacitor electrode. 

With a liquid crystal display device of an eleventh aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
25 MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
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a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
5 source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
n transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 

ffi 10 with a gate electrode connected to a voltage adjustable bias power supply line, a source 

O electrode connected to the voltage holding capacitor electrode, and a drain electrode 

^ connected to the pixel electrode. 

IS With a liquid crystal display device of an twelfth aspect of the present invention, 

J in an active matrix type liquid crystal display device where pixel electrodes are driven by 

S 15 MOS type transistor circuits respectively disposed in the vicinity of intersection points of 

a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
20 source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
25 with a gate electrode connected to the voltage holding capacitor electrode, a source 
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electrode connected to a voltage adjustable power supply line, and a drain electrode 
connected to the pixel electrode. 

With a liquid crystal display device of a thirteenth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode, and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the tenth aspect of the present invention, 
preferably the value of the resistance is set to less than or equal to the value of a 
resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is also preferable if the resistance is formed from a semiconductor thin film, 
or a semiconductor thin film which has been doped with impurities. 

With the eleventh through thirteenth aspects of the present invention, preferably 
the value of a source-drain resistance of the second p-type MOS transistor is set to less 
than or equal to the value of a resistance component which determines a response time 
constant of the liquid crystal. 
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With the tenth through thirteenth aspects of the present invention, preferably the 
MOS type transistor circuits are formed by integrating thin film transistors. Moreover, it 
is also preferable if liquid crystal material is a nematic liquid crystal, a ferroelectric 
liquid crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid 
5 crystal, a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, 
or a monostable ferroelectric liquid crystal. 

A fourth liquid crystal display device drive method of the present invention is 
characterized in that, with the method of driving the liquid crystal display device 
p according to the tenth through thirteenth aspects of the present invention, the method 

ry 10 involves: supplying a voltage higher than a maximum voltage of the data signal to the 

O voltage holding capacitor electrode; and in a previous line scanning line selection period, 

y resetting the p-type MOS transistor or the first p-type MOS transistor by transferring the 

L " scanning pulse signal of the previous line to the pixel electrode through the p-type MOS 

2 transistor or the first p-type MOS transistor; and in a scanning line selection period, 

2 15 storing a data signal in the voltage holding capacitor through the n-type MOS transistor 

by means of a scanning pulse signal, and writing a signal corresponding to the stored 
data signal to a pixel electrode through the p-type MOS transistor or the first p-type 
MOS transistor, and also continuing on after completion of the scanning line selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
20 through the p-type MOS transistor or the first p-type MOS transistor. 

With a liquid crystal display device of a fourteenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
25 MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
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connected to an Nth (where N is an integer of two or more) scanning line; and one of a 
source electrode and a drain electrode connected to a signal line; an n-type MOS 
transistor with a gate electrode connected to the other of the source electrode and the 
drain electrode of the p-type MOS transistor, and one of a source electrode and a drain 
electrode connected to an (N-l)th scanning line, and the other of the source electrode and 
the drain electrode connected to a pixel electrode; a voltage holding capacitor formed 
between the gate electrode of the n-type MOS transistor and a voltage holding capacitor 
electrode; and a resistor connected between the pixel electrode and the voltage holding 
capacitor electrode. 

With a liquid crystal display device of a fifteenth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to an Nth 
(where N is an integer of two or more) scanning line, and one of a source electrode and a 
drain electrode connected to a signal line; a first n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the p- 
type MOS transistor, and one of a source electrode and a drain electrode connected to an 
(N-l)th scanning line, and the other of the source electrode and the drain electrode 
connected to a pixel electrode; a voltage holding capacitor formed between the gate 
electrode of the first n-type MOS transistor and a voltage holding capacitor electrode; 
and a second n-type MOS transistor with a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to the voltage holding 
capacitor electrode, and a drain electrode connected to the pixel electrode. 
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With a liquid crystal display device of a sixteenth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to an Nth 
(where N is an integer of two or more) scanning line, and one of a source electrode and a 
drain electrode connected to a signal line; a first n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the p- 
type MOS transistor, and one of a source electrode and a drain electrode connected to an 
(N-l)th scanning line, and the other of the source electrode and the drain electrode 
connected to a pixel electrode; a voltage holding capacitor formed between the gate 
electrode of the first n-type MOS transistor and a voltage holding capacitor electrode; 
and a second n-type MOS transistor with a gate electrode connected to the voltage 
holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to the pixel electrode. 

With a liquid crystal display device of a seventeenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
connected to an Nth (where N is an integer of two or more) scanning line, and one of a 
source electrode and a drain electrode connected to a signal line; a first n-type MOS 
transistor with a gate electrode connected to the other of the source electrode and the 
drain electrode of the p-type MOS transistor, and one of a source electrode and a drain 
electrode connected to an (N-l)th scanning line, and the other of the source electrode and 
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the drain electrode connected to a pixel electrode; a voltage holding capacitor formed 
between the gate electrode of the first n-type MOS transistor and a voltage holding 
capacitor electrode; and a second n-type MOS transistor with a gate electrode and a 
source electrode connected to the voltage holding capacitor electrode, and a drain 
5 electrode connected to the pixel electrode. 

With the liquid crystal display device of the fourteenth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is also preferable if the resistance is formed from a semiconductor thin film, 
10 or a semiconductor thin film which has been doped with impurities. 

With the fifteenth through seventh aspects of the present invention, preferably the 
value of a source-drain resistance of the second n-type MOS transistor is set to less than 
or equal to the value of a resistance component which determines a response time 
constant of the liquid crystal. 
15 With the fourteenth through seventeenth aspects of the present invention, 

preferably the MOS type transistor circuits are formed by integrating thin film transistors. 
Moreover, it is also preferable if liquid crystal material is a nematic liquid crystal, a 
ferroelectric liquid crystal, an antiferroelectric liquid crystal, a thresholdless 
antiferroelectric liquid crystal, a distorted helix ferroelectric liquid crystal, a twisted 
20 ferroelectric liquid crystal, or a monostable ferroelectric liquid crystal. 

A fifth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the fourteenth through seventeenth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
25 voltage holding capacitor electrode; and in a previous line scanning line selection period, 
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resetting the n-type MOS transistor or the first n-type MOS transistor by transferring the 
scanning pulse signal of the previous line to the pixel electrode through the n-type MOS 
transistor or the first n-type MOS transistor; and in a scanning line selection period, 
storing a data signal in the voltage holding capacitor through the p-type MOS transistor 
by means of a scanning pulse signal, and writing a signal corresponding to the stored 
data signal to a pixel electrode through the n-type MOS transistor or the first n-type 
MOS transistor, and also continuing on after completion of the scanning line selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
through the n-type MOS transistor or the first n-type MOS transistor. 

With a liquid crystal display device of an eighteenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: an n-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a p-type MOS transistor with a gate electrode connected to the 
other of the source electrode and the drain electrode of the n-type MOS transistor, and 
one of a source electrode and a drain electrode connected to a reset electrode, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the p-type MOS 
transistor and a voltage holding capacitor electrode; and a resistor connected between the 
pixel electrode and the voltage holding capacitor electrode. 

With a liquid crystal display device of a nineteenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
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intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: an n-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first p-type MOS transistor with a gate electrode connected 
5 to the other of the source electrode and the drain electrode of the n-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
10 with a gate electrode connected to a voltage adjustable bias power supply line, a source 
electrode connected to the voltage holding capacitor electrode, and a drain electrode 
connected to the pixel electrode. 

With a liquid crystal display device of a twentieth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
15 MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
20 source electrode and the drain electrode of the n-type MOS transistor, and one of a 

source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first p-type MOS transistor and a 
voltage holding capacitor electrode; and a second p-type MOS transistor with a gate 
25 electrode connected to the voltage holding capacitor electrode, a source electrode 
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connected to a voltage adjustable power supply line, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a twenty first aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
5 are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: an n-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first p-type MOS transistor with a gate electrode connected 
10 to the other of the source electrode and the drain electrode of the n-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
15 with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode, and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the eighteenth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
20 Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the nineteenth through twenty first 
aspects of the present invention, preferably the value of a source-drain resistance of the 
second p-type MOS transistor is set to less than or equal to the value of a resistance 
25 component which determines a response time constant of the liquid crystal. 
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With the liquid crystal display device of the eighteenth through twenty first 
aspects of the present invention, preferably the MOS type transistor circuits are formed 
by integrating thin film transistors. Moreover, it is also preferable if liquid crystal 
material is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric 
5 liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a monostable 
ferroelectric liquid crystal. 

A sixth liquid crystal display device drive method of the present invention is 
O characterized in that, with a method of driving the liquid crystal display device according 

^ 10 to the eighteenth through twenty first aspects of the present invention, the method 

tej involves: supplying a voltage higher than a maximum voltage of the data signal to the 

^ voltage holding capacitor electrode; and at a time prior to a scanning line selection 

s - 

□ period, resetting the p-type MOS transistor or the first p-type MOS transistor by 

y* transferring a reset signal to the pixel electrode through the p-type MOS transistor or the 

yy 15 first p-type MOS transistor; and in a scanning line selection period, storing a data signal 

in the voltage holding capacitor through the n-type MOS transistor by means of a 
scanning pulse signal, and writing a signal corresponding to the stored data signal to a 
pixel electrode through the p-type MOS transistor or the first p-type MOS transistor, and 
also continuing on after completion of the scanning line selection period, writing a signal 
20 corresponding to the stored data signal to a pixel electrode through the p-type MOS 
transistor or the first p-type MOS transistor. 

A seventh liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the eighteenth through twenty first aspects of the present invention, the method 
25 involves: supplying a voltage higher than a maximum voltage of the data signal to the 
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voltage holding capacitor electrode; and in a scanning line selection period, storing a 
data signal in the voltage holding capacitor through the n-type MOS transistor by means 
of a scanning pulse signal, and resetting the p-type MOS transistor or the first p-type 
MOS transistor by transferring a reset signal to the pixel electrode through the p-type 
MOS transistor or the first p-type MOS transistor; and after completion of the scanning 
line selection period, writing a signal corresponding to the stored data signal to a pixel 
electrode through the p-type MOS transistor or the first p-type MOS transistor. 

With a liquid crystal display device of a twenty second aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; an n-type MOS transistor with a gate electrode connected to 
the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the n-type MOS 
transistor and a voltage holding capacitor electrode; and a resistor connected between the 
pixel electrode and the voltage holding capacitor electrode. 

With a liquid crystal display device of a twenty third aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
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connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first n-type MOS transistor with a gate electrode connected 
to the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
5 the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first n-type MOS 
transistor and a voltage holding capacitor electrode; and a second n-type MOS transistor 
with a gate electrode connected to a voltage adjustable bias power supply line, a source 
electrode connected to the voltage holding capacitor electrode, and a drain electrode 
10 connected to the pixel electrode. 

With a liquid crystal display device of a twenty fourth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
15 MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first n-type MOS transistor with a gate electrode connected 
to the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
20 the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first n-type MOS 
transistor and a voltage holding capacitor electrode; and a second n-type MOS transistor 
with a gate electrode connected to the voltage holding capacitor electrode, a source 
electrode connected to a voltage adjustable power supply line, and a drain electrode 
25 connected to the pixel electrode. 
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With a liquid crystal display device of a twenty fifth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first n-type MOS transistor with a gate electrode connected 
to the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first n-type MOS 
transistor and a voltage holding capacitor electrode; and a second n-type MOS transistor 
with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode, and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the twenty second aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the twenty third through twenty fifth 
aspects of the present invention, preferably the value of a source-drain resistance of the 
second n-type MOS transistor is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 

With the liquid crystal display device of the twenty second through twenty fifth 
aspects of the present invention, preferably the MOS type transistor circuits are formed 
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by integrating thin film transistors. Moreover, it is also preferable if liquid crystal 
material is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric 
liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a monostable 
ferroelectric liquid crystal. 

An eighth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the twenty second through twenty fifth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and at a time prior to a scanning line selection 
period, resetting the n-type MOS transistor or the first n-type MOS transistor by 
transferring a reset signal to the pixel electrode through the n-type MOS transistor or the 
first n-type MOS transistor; and in a scanning line selection period, storing a data signal 
in the voltage holding capacitor through the n-type MOS transistor by means of a 
scanning pulse signal, and writing a signal corresponding to the stored data signal to a 
pixel electrode through the n-type MOS transistor or the first n-type MOS transistor, and 
also continuing on after completion of the scanning line selection period, writing a signal 
corresponding to the stored data signal to a pixel electrode through the n-type MOS 
transistor or the first n-type MOS transistor. 

A ninth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the twenty second through twenty fifth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and in a scanning line selection period, storing a 
data signal in the voltage holding capacitor through the p-type MOS transistor by means 
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of a scanning pulse signal, and resetting the n-type MOS transistor or the first n-type 
MOS transistor by transferring a reset signal to the pixel electrode through the n-type 
MOS transistor or the first n-type MOS transistor; and after completion of the scanning 
line selection period, writing a signal corresponding to the stored data signal to a pixel 
5 electrode through the n-type MOS transistor or the first n-type MOS transistor. 

With a liquid crystal display device of a twenty sixth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
10 MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
15 connected to a reset electrode, and the other of the source electrode and the drain 

electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a resistor connected between the pixel electrode and the voltage holding 
capacitor electrode. 

20 With a liquid crystal display device of a twenty seventh aspect of the present 

invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 

25 electrode connected to a scanning line, and one of a source electrode and a drain 
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electrode connected to a signal line; a second n-type MOS transistor with* a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a third n-type MOS transistor with a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to the voltage holding 
capacitor electrode, and a drain electrode connected to the pixel electrode. 

With a liquid crystal display device of a twenty eighth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a third n-type MOS transistor with a gate electrode connected to the 
voltage holding capacitor electrode, a source electrode connected to a voltage adjustable 
bias power supply line, and a drain electrode connected to the pixel electrode. 
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With a liquid crystal display device of a twenty ninth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a third n-type MOS transistor with a gate electrode and a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With the liquid crystal display device of the twenty sixth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the twenty seventh through twenty ninth 
aspects of the present invention, preferably the value of a source-drain resistance of the 
third n-type MOS transistor is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 
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With the liquid crystal display device of the twenty sixth through twenty ninth 
aspects of the present invention, preferably the MOS type transistor circuits are formed 
by integrating thin film transistors. Moreover, it is also preferable if liquid crystal 
material is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric 
5 liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a monostable 
ferroelectric liquid crystal. 

A tenth liquid crystal display device drive method of the present invention is 
Q characterized in that, with a method of driving the liquid crystal display device according 

fU 10 to the twenty sixth through twenty ninth aspects of the present invention, the method 

5 involves: supplying a voltage lower than a minimum voltage of the data signal to the 

^ voltage holding capacitor electrode; and at a time prior to a scanning line selection 

q period, resetting the second n-type MOS transistor by transferring a reset signal to the 

J pixel electrode through the second n-type MOS transistor; and in a scanning line 

tfj 15 selection period, storing a data signal in the voltage holding capacitor through the first 

n-type MOS transistor by means of a scanning pulse signal, and writing a signal 
corresponding to the stored data signal to a pixel electrode through the second n-type 
MOS transistor, and also continuing on after completion of the scanning line selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
20 through the second n-type MOS transistor. 

An eleventh liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the twenty sixth through twenty ninth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
25 voltage holding capacitor electrode; and in a scanning line selection period, storing a 
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data signal in the voltage holding capacitor through the first n-type MOS transistor by 
means of a scanning pulse signal, and resetting the second n-type MOS transistor by 
transferring a reset signal to the pixel electrode through the second n-type MOS 
transistor; and after completion of the scanning line selection period, writing a signal 
corresponding to the stored data signal to a pixel electrode through the second n-type 
MOS transistor. 

With a liquid crystal display device of a thirtieth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a first p-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a second p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first p-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the second p-type MOS transistor and a 
voltage holding capacitor electrode; and a resistor connected between the pixel electrode 
and the voltage holding capacitor electrode. 

With a liquid crystal display device of a thirty first aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a first p-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
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line; a second p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first p-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
5 capacitor formed between the gate electrode of the second p-type MOS transistor and a 
voltage holding capacitor electrode; and a third p-type MOS transistor with a gate 
electrode connected to a voltage adjustable bias power supply line, a source electrode 
connected to the voltage holding capacity electrode, and a drain electrode connected to 
the pixel electrode. 

10 With a liquid crystal display device of a thirty second aspect of the present 

invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first p-type MOS transistor with a gate 

15 electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second p-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first p-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 

20 electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second p-type MOS transistor and a voltage holding capacitor 
electrode; and a third p-type MOS transistor with a gate electrode connected to the 
voltage holding capacitor electrode, a source electrode connected to a voltage adjustable 
bias power supply line, and a drain electrode connected to the pixel electrode. 
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With a liquid crystal display device of a thirty third aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first p-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second p-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first p-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second p-type MOS transistor and a voltage holding capacitor 
electrode; and a third p-type MOS transistor with a gate electrode and a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With the liquid crystal display device of the thirtieth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the thirty first through thirty third 
aspects of the present invention, preferably the value of a source-drain resistance of the 
third p-type MOS transistor is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 
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With the liquid crystal display device of the thirtieth through thirty third aspects 
of the present invention, preferably the MOS type transistor circuits are formed by 
integrating thin film transistors. Moreover, it is also preferable if liquid crystal material 
is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric liquid crystal, 
5 a thresholdless antiferroelectric liquid crystal, a distorted helix ferroelectric liquid 

crystal, a twisted ferroelectric liquid crystal, or a monostable ferroelectric liquid crystal. 

A twelfth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the thirtieth through thirty third aspects of the present invention, the method involves: 
10 supplying a voltage higher than a maximum voltage of the data signal to the voltage 
holding capacitor electrode; and at a time prior to a scanning line selection period, 
resetting the second p-type MOS transistor by transferring a reset signal to the pixel 
electrode through the second p-type MOS transistor; and in a scanning line selection 
period, storing a data signal in the voltage holding capacitor through the first p-type 
15 MOS transistor by means of a scanning pulse signal, and writing a signal corresponding 
to the stored data signal to a pixel electrode through the second p-type MOS transistor, 
and also continuing on after completion of the scanning line selection period, writing a 
signal corresponding to the stored data signal to a pixel electrode through the second p- 
type MOS transistor. 

20 A thirteenth liquid crystal display device drive method of the present invention is 

characterized in that, with a method of driving the liquid crystal display device according 
to the thirtieth through thirty third aspects of the present invention, the method involves: 
supplying a voltage higher than a maximum voltage of the data signal to the voltage 
holding capacitor electrode; and in a scanning line selection period, storing a data signal 

25 in the voltage holding capacitor through the first p-type MOS transistor by means of a 
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scanning pulse signal, and resetting the second p-type MOS transistor by transferring a 
reset signal to the pixel electrode through the second p-type MOS transistor; and after 
completion of the scanning line selection period, writing a signal corresponding to the 
stored data signal to a pixel electrode through the second p-type MOS transistor. 

Preferably the construction is as a liquid crystal display device with a time 
division drive scheme, which performs color display by driving involving switching the 
color of the incident light in one frame period, using any one of the liquid crystal display 
devices of the first through thirty third aspects of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a first embodiment of a liquid crystal display device 
of the present invention. 

FIG. 2 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 3 is a diagram showing a second embodiment of a liquid crystal display 
device of the present invention. 

FIG. 4 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 5 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 6 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 7 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 
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FIG. 8 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 9 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 10 is a diagram showing a third embodiment of a liquid crystal display 
device of the present invention. 

FIG. 11 is a diagram showing an operating point of a MOS type transistor 
constituting the liquid crystal display device of the present invention. 

FIG. 12 is a diagram showing a fourth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 13 is a diagram showing a fifth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 14 is a diagram showing an operating point of a MOS type transistor 
constituting the liquid crystal display device of the present invention. 

FIG. 15 is a diagram showing a sixth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 16 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 17 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 18 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 19 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 
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FIG. 20 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 21 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 
5 FIG. 22 is a diagram showing a seventh embodiment of a liquid crystal display 

device of the present invention. 

FIG. 23 is a diagram showing an operating point of a MOS type transistor 
constituting the liquid crystal display device of the present invention. 

FIG. 24 is a diagram showing an eighth embodiment of a liquid crystal display 
10 device of the present invention. 

FIG. 25 is a diagram showing a ninth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 26 is a diagram showing an operating point of a MOS type transistor 
constituting the liquid crystal display device of the present invention. 
15 FIG. 27 is a diagram showing a tenth embodiment of a liquid crystal display 

device of the present invention. 

FIG. 28 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 29 is a diagram showing an eleventh embodiment of a liquid crystal display 
20 device of the present invention. 

FIG. 30 is a diagram showing a twelfth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 31 is a diagram showing a thirteenth embodiment of a liquid crystal display 

device of the present invention. 
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FIG. 32 is a diagram showing a fourteenth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 33 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 34 is a diagram showing a fifteenth embodiment of a liquid crystal display 

device of the present invention. 

FIG. 35 is a diagram showing a sixteenth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 36 is a diagram showing a seventeenth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 37 is a diagram showing an eighteenth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 38 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 39 is a diagram showing a nineteenth embodiment of a liquid crystal display 

device of the present invention. 

FIG. 40 is a diagram showing a twentieth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 41 is a diagram showing a twenty first embodiment of a liquid crystal 
display device of the present invention. 

FIG. 42 is a diagram showing a twenty second embodiment of a liquid crystal 
display device of the present invention. 

FIG. 43 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 
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FIG. 44 is a diagram showing a twenty third embodiment of a liquid crystal 
display device of the present invention. 

FIG. 45 is a diagram showing a twenty fourth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 46 is a diagram showing a twenty fifth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 47 is a diagram showing a twenty sixth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 48 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 49 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 50 is a diagram showing a twenty seventh embodiment of a liquid crystal 
display device of the present invention. 

FIG. 51 is a diagram showing a twenty eighth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 52 is a diagram showing a twenty ninth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 53 is a diagram showing a thirtieth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 54 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 55 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 
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FIG. 56 is a diagram showing a thirty first embodiment of a liquid crystal display 
device of the present invention. 

FIG. 57 is a diagram showing a thirty second embodiment of a liquid crystal 
display device of the present invention. 

FIG. 58 is a diagram showing a thirty third embodiment of a liquid crystal display 
device of the present invention. 

FIG. 59 is a diagram showing the construction of a conventional liquid crystal 

display device. 

FIG. 60 is a diagram showing an equivalent circuit for a liquid crystal. 
FIG. 61 is a diagram illustrating a drive method for a conventional liquid crystal 
display device. 

FIG. 62 is a diagram showing an equivalent circuit for a liquid crystal. 
FIG. 63 is a diagram illustrating a drive method for a conventional liquid crystal 
display device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A first embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 1 is a diagram showing a first embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: a MOS type transistor (Qn) 103 with a 
gate electrode connected to a scanning line 101, and one of a source electrode and a 
drain electrode connected to a signal line 102; an analog amplifier circuit 104 with an 
input electrode connected to the other of the source electrode and the drain electrode of 
the transistor (Qn) 103, and an output electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the input electrode of the analog amplifier 



-46- 

circuit 104 and a voltage holding capacitor electrode 105; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the MOS type transistor (Qn) 103 and the analog amplifier circuit 104 are 
constituted by p-SiTFTs. Furthermore, the gain of the analog amplifier circuit 104 is set 
5 to one. 

As follows is a description of the drive method for the liquid crystal display 
device using this pixel construction, with reference to FIG. 2. FIG. 2 shows the timing 
chart, and the change in light transmittance of the liquid crystal, a gate scanning voltage 
Vg, a data signal voltage Vd, an amplifier input voltage Va and a pixel voltage Vpix, for 
10 the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven by the pixel construction shown in FIG. 1. 
Here the example is given for when the liquid crystal operates in a so called normally 
black mode, becoming dark when a voltage is not applied. As shown in the figure, due 
15 for to the gate scanning voltage Vg in the horizontal scanning period becoming a high 
level VgH, the transistor 103 comes on, and the data signal Vd input to the signal line is 
transferred to the input electrode of the analog amplifier circuit 104 through the 
transistor 103. When the horizontal scanning period is completed and the gate scanning 
voltage Vg becomes a low level, the transistor (Qa) 103 goes off, and the data signal 
20 transferred to the input electrode of the analog amplifier circuit is held by the voltage 
holding capacitor 105. At this time, with the amplifier input voltage Va, at the time 
when the transistor (Qa) 103 goes off, a voltage shift referred to as a feed-through 
voltage occurs through the capacitance between the gate and the source of the transistor 
(Qa) 103. In FIG. 2 this is shown by Vfl, Vf2 and Vf3. The amount of this voltage shift 
25 Vfl, Vf2 and Vf3 can be made smaller by designing the value for the voltage holding 
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capacitor 105 to be large. The amplifier input voltage Va is held until the' gate scanning 
voltage Vg again becomes a high level in the subsequent field period and the transistor 
(Qn) 103 is selected. The analog amplifier circuit 104, during the period in the 
subsequent field up until the amplifier input voltage changes, can output an analog 
5 gradation voltage corresponding to the held amplifier input voltage Va. In this case, the 
pixel electrode 107 is driven by the analog amplifier circuit 104 even after completion of 
the horizontal scanning period, and hence the fluctuations in the pixel voltage Vpix 
accompanying the response of the liquid crystal as discussed for the conventional 
technology can be eliminated. As a result, as shown by the wave form of the pixel 
10 voltage Vpix in FIG. 2, a desired voltage can be applied to the liquid crystal over the one 
field period, and as also shown by the liquid crystal light transmittance, it becomes 
possible to obtain a desired gradation for each one field. 

With the abovementioned embodiment, it was noted that the MOS type transistor 
(Qn) 103 and the analog amplifier circuit 104 were formed from p-SiTFTs. However 
15 these may be formed from other thin film transistors such as a-SiTFTs or cadmium- 
selenium thin film transistors (referred to hereunder as CdSeTFTs). Moreover these may 
be formed from single crystal silicon transistors. Furthermore, in the abovementioned 
embodiment, an n-type MOS transistor is employed for the pixel selection switch. 
However a p-type MOS transistor may be employed. In this case, for the gate scanning 
20 signal, a pulse signal which becomes a low level at the time of selection and a high level 
at the time of non selection is input. Furthermore, with the abovementioned 
embodiment, the description has been for the case of driving a high speed liquid crystal 
such as a ferroelectric liquid crystal having polarization, an antiferroelectric liquid 
crystal, or an OCB liquid crystal which responds within one field period. However even 
25 in the case of driving another liquid crystal such as a TN liquid crystal which does not 
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completely respond within one field period, a similar effect where a more accurate 
gradation display can be realized, can be obtained. 

When the above described liquid crystal display device and drive method of the 
first embodiment is applied to a liquid crystal display device with a time division driving 
5 method which switches the color of the incident light in one field (one frame) period to 
perform color display, good color reproduction and high gradation display can be 
realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
10 OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 
A second embodiment of the present invention will now be described in detail 
15 with reference to the figures. FIG. 3 is a diagram showing a second embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
301 with a gate electrode connected to a scanning line 101, and one of a source electrode 
and a drain electrode connected to a signal line 102; a p-type MOS transistor (Qp) 302 
20 with a gate electrode connected to the other of the source electrode and the drain 

electrode of the n-type MOS transistor (Qn) 301, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the p-type MOS transistor 302 and a voltage 
25 holding capacitor electrode 105; a resistor RL 303 connected between the pixel electrode 



-49- 

107 and the voltage holding capacitor electrode 105; and a liquid crystal lt)9 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
Here the n-type MOS transistor (Qn) 301 and the p-type MOS transistor (Qp) 302 are 
constituted by p-SiTFTs. 

Moreover, the value of the resistor RL 303 is set to less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
crystal That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the value of the resistor RL 303, have the relation shown by the 
following equation: 

RL =s Rr, RL ^ Rsp (1) 

For example, in the case when the resistance Rsp is 5 GQ, then the value of the 
resistor RL is set to a value of around 1 GQ . A value of 1 GQ which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities. 

FIG. 4 shows a structural example for the case where the resistor RL is formed 
from a lightly doped p-type semiconductor thin film (p-). In FIG. 4, the construction of a 
p-type p-SiTFT 402 is also shown. As shown in the figure, one of the source and the 
drain electrodes of the p-type p-SiTFT 402 is connected to the scanning line 101, and the 
other is connected to the pixel electrode 107. Here with the p- layer 404 portion which 
forms the resistor, the amount of impurity doping, and the length and width are designed 
so that the conditions shown in equation (1) are satisfied. Moreover, the p-type p-SiTFT 
402 has a lightly doped drain (referred to hereunder as an LDD) construction for high 
voltage endurance. In order to simplify the production process, the step of forming the 
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LDD of the p-SiTFT 402 and the step of forming the resistor RL (p-) are performed at 
the same time. 

Next, an example of where the resistor RL is formed from a semiconductor thin 
film (i layer) 501 which has not been doped with impurities is shown in FIG. 5. Here the 
5 length and width of the i layer 501 forming the resistor are designed so that equation (1) 
is satisfied. Furthermore, in the case where the i layer 501 is used as the resistor RL, 
then as shown in the figure, a p-type lightly doped p- layer 404 is formed between a 
source-drain electrode (p+) 403 on the side of the p-type p-SiTFT 402 which is 
q connected to the pixel electrode 107, and the resistor RL (i layer) 501. This is because if 

fjj 10 the p+ layer and the i layer are contacted, an extremely high short key resistance is 

O formed, and a resistance satisfying equation (1) can no longer be formed on the small 

area. Similarly, a p- layer 404 is formed between the p+ electrode 403 connected to the 
JLT voltage holding capacitor electrode 105, and the i layer 501. 

U Next, an example for the case where the resistor RL is formed from an n-type 

3 15 semiconductor thin film (n-) which has been lightly doped is shown in FIG. 6. Here with 

the portion of the n- layer 602 which forms the resistor, the amount of impurity doping, 
and the length and width are designed so that the conditions shown in equation (1) are 
satisfied. In the case where the source-drain electrode (p+ layer) 403 of the p-type p- 
SiTFT 402, and the n- layer 602 are connected, then as shown in the figure, the p+ layer 
20 403 and the n+ layer 601 are connected through a metal layer 406, and the n+ layer 601 
is contacted with the n- layer 602. 

In the above, the description has been for the case where the resistor RL shown in 
FIG. 3 is formed from a semiconductor thin film or a semiconductor thin film doped 
with impurities. However provided the resistance satisfies equation (1), then other 
25 materials may be employed. 
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As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 3. FIG. 7 shows the timing chart, and 
the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, a 
data signal voltage Vd, a gate voltage Va of the p-type MOS transistor (Qp) 302, and a 
5 pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 3. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. As shown in the 
10 figure, due to the gate scanning voltage Vg in the horizontal scanning period becoming a 
high level VgH, the n-type MOS transistor (Qn) 301 comes on, and the data signal Vd 
input to the signal line is transferred to the gate electrode of the p-type MOS transistor 
(Qp) 302 through the n-type MOS transistor (Qn) 301. On the other hand, in the 
horizontal scanning period, the pixel electrode 107 attains the reset state due to the gate 
15 scanning voltage VgH being transferred through the p-type MOS transistor (Qp) 302. 
Here as described below, the p-type MOS transistor (Qp) 302 operates as a source 
follower type analog amplifier, after the horizontal scanning period is completed. 
However due to the pixel voltage Vpix becoming VgH in the horizontal scanning period, 
the resetting of the p-type MOS transistor (Qp) 302 is performed at the same time. 
20 When the horizontal scanning period is completed and the gate scanning voltage 

Vg becomes a low level, the n-type MOS transistor (Qn) 301 goes off, and the data 
signal transferred to the gate electrode of the p-type MOS transistor (Qp) 302 is held by 
the voltage holding capacitor 105. At this time, with the gate input voltage Va of the p- 
type MOS transistor, at the time when the n-type MOS transistor (Qn) 301 goes off, a 
25 voltage shift referred to as a feed-through voltage occurs through the capacitance 
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between the gate and the source of the n-type MOS transistor (Qn) 301. In FIG. 7 this is 
shown by Vfl, V£2 and VS. The amount of this voltage shift Vfl, Vf2 and Vf3 can be 
made smaller by designing the value for the voltage holding capacitor 105 to be large. 
The gate input voltage Va of the p-type MOS transistor (Qp) 302 is held until the gate 
scanning voltage Vg again becomes a high level in the subsequent field period arid the n- 
type MOS transistor (Qn) 301 is selected. On the other hand, the p-type MOS transistor 
(Qp) 302, on completion of resetting in the horizontal scanning period, operates as a 
source follower type analog amplifier with the pixel electrode 107 as the source 
electrode. At this time, in order to operate the p-type MOS transistor (Qp) 302 as an 
analog amplifier, a voltage at least higher than (Vdmax-Vtp) is supplied to the voltage 
holding capacitor electrode 105. Here Vdmax is the maximum value of the data signal 
voltage Vd, while Vtp is the threshold value voltage of the p-type MOS transistor (Qp) 
302. The p-type MOS transistor (Qp) 302, during the period in the subsequent field up 
until the gate scanning voltage becomes VgH to thus execute reset, can output an analog 
gradation voltage corresponding to the held gate input voltage Va. This output voltage 
changes depending on the transconductance gmp of the p-type MOS transistor, and the 
value of the resistor RL 303, however it is generally represented by the following 
equation: 

Vpix = Va - Vtp (2) 

Here Vtp is normally a negative value, and hence as shown in FIG. 7, the pixel 
voltage Vpix becomes a voltage which is higher than Va by the absolute value of the 
threshold value voltage of the p-type MOS transistor (Qp) 302. In this way, the 
fluctuations in the pixel voltage Vpix accompanying the response of the liquid crystal as 
discussed for the conventional technology can be eliminated, and as also shown by the 
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liquid crystal light transmittance in FIG. 7, it becomes possible to obtain a desired 
gradation for each one field. 

Furthermore, with the liquid crystal display device of the present invention, the 
construction is such that the scanning voltage is used as the power supply for the p-type 
MOS transistor (Qp) 302 which operates as an analog amplifier, and as the reset power 
supply, and resetting of the amplifier is performed by the p-type MOS transistor (Qp) 
302 itself. Therefore wiring and circuits such as a power supply lead, a reset power 
supply lead and a reset switch, become unnecessary. As a result, the analog amplifier 
can be constructed with a smaller area than heretofore, giving a high aperture efficiency 
so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 301 and the p-type MOS transistor (Qp) 302 were formed from p- 
SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Moreover these may be formed from single crystal silicon 
transistors. 

Next is a description of a method of driving a TN liquid crystal using the liquid 
crystal display device of the present invention shown in FIG. 3. FIG. 8 shows the timing 
chart, and the change in light transmittance of the liquid crystal, for a gate scanning 
voltage Vg, a data signal voltage Vd, the gate voltage Va of the p-type MOS transistor 
(Qa) 302, and the pixel voltage Vpix, for this case. Here the example is given for when 
the liquid crystal operates in a normally white mode, becoming bright when a voltage is 
not applied. Furthermore, for the data signal Vd, the example is given for where a signal 
voltage for creating a bright state over several fields is applied. The drive method is the 
same as for the one shown in the beforementioned FIG. 7. With the TN liquid crystal, 
since the response time is around several tens of msec to lOOmec, then as shown in FIG. 
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8, the TN liquid crystal undergoes a transition to the bright state over several fields. 
During this time, the liquid crystal capacitance changes due to the molecules of the TN 
liquid crystal switching. With the conventional liquid crystal display device, as shown in 
the beforementioned FIG. 61, the pixel voltage Vpix fluctuates, and hence the inherent 
liquid crystal light transmittance TO cannot be obtained. On the other hand, with the 
liquid crystal display device of the present invention, the p-type MOS transistor (Qp) 302 
operates as an amplifier, and hence a constant voltage can be applied continuously to the 
liquid crystal 109 without being influenced by changes in the capacitance of the TN 
liquid crystal. Therefore the inherent light transmittance can be obtained, and accurate 
gradation display can be performed. 

Next is a description of the change of the pixel voltage Vpix when the value of 
the resistor RL 303 is changed, in the liquid crystal display device of the present 
invention shown in FIG. 3. FIG. 9 shows aspects of the change of the pixel voltage Vpix 
for the case where the value of the resistor RL 303 in FIG. 3 is changed with respect to 
the liquid crystal resistance Rsp in FIG. 62, to (1) Rsp/4, (2) Rsp and (3) 2 x Rsp. As 
shown in the figure, in the case where the value of the resistor RL 303 is greater than that 
of the liquid crystal resistance Rsp ((3)), the pixel voltage Vpix shows a large fluctuation 
in the field in which a positive polarity signal is written. On the other hand, in the case 
where the value of the resistor RL 303 is less than or equal to that of the liquid crystal 
resistance Rsp ((1),(2)), the fluctuation in the pixel voltage Vpix is practically gone. In 
the case where the value of the resistor RL 303 is the same as that of the liquid crystal 
resistance Rsp ((2)), only a slight fluctuation is observed, and since the period of this 
fluctuation is extremely short compared to the period of one field, it has no influence on 
performing gradation display control. 
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Due to the above described reasons, in the liquid crystal display device shown in 
FIG. 3, the resistor RL 303 is designed so that the conditions shown in equation (1) are 
satisfied. In practice, the value of the resistor RL 303 is determined taking into 
consideration the fluctuation amount of the pixel voltage Vpix, and the power 
5 consumption. In order to reduce power consumption, it is desirable to design the value 
of the resistor RL 303 so as to be as large as possible within the range where the 
fluctuations of the pixel voltage Vpix do not exert an influence on the liquid crystal light 
transmittance. 

When the above described liquid crystal display device and drive method of the 
10 second embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
15 ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 
20 A third embodiment of the present invention will now be described in detail with 

reference to the figures. FIG. 10 is a diagram showing a third embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: an n-type MOS transistor (Qn) 1001 
with a gate electrode connected to a scanning line 101, and one of a source electrode and 
25 a drain electrode connected to a signal line 102; a first p-type MOS transistor (Qpl) 1002 
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with a gate electrode connected to the other of the source electrode and the drain 
electrode of the n-type MOS transistor (Qn) 1001, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the first p-type MOS transistor (Qpl) 1002 and 
a voltage holding capacitor electrode 105; a second p-type MOS transistor (Qp2) 1003 
with a gate electrode connected to a bias power supply VB 1004, a source electrode 
connected to the voltage holding capacitor electrode 105, and a drain electrode 
connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the n- 
type MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 
1002 and (Qp2) 1003 are constituted by p-SiTFTs. The bias power supply VB 1004 for 
supply to the gate electrode of the second p-type MOS transistor (Qp2) 1003, is set so 
that a source-drain resistance Rdsp of the second p-type MOS transistor (Qp2) 1003 
becomes less than or equal to the value of the resistance component which determines 
the response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the 
liquid crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the source-drain 
resistance Rdsp, have the relation shown by the following equation: 

Rdsp <; Rr, Rdsp <; Rsp (3) 

For example, in the case when the resistance Rsp is 5 G Q , then a bias power 
supply VB 1004 such that the source-drain resistance Rdsp does not exceed 1 GQ is 
supplied. FIG. 11 shows the drain current-gate current characteristics of the second p- 
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type MOS transistor (Qp2) 1003, and the operating point. With the example in the 
figure, the gate-source voltage (VB-VCH) of the second p-type MOS transistor (Qp2) 
1003 is set to around -3V. For example, the voltage holding capacitor voltage VCH is 
set to 20V, and VB is set to 17V. As a result, when the drain current of the second p- 
type MOS transistor (Qp2) 1003 becomes around 1E-8 (A) and the source-drain voltage 
Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 GQ . Furthermore, even 
if the second p-type MOS transistor (Qp2) 1003 is operated in the weakly inverted region 
with the source-drain voltage Vdsp changing from -2 to -14V, the drain current is 
approximately constant. The second p-type MOS transistor (Qp2) 1003 is operated as 
the bias current power supply for the case where the first p-type MOS transistor (Qpl) 
1002 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
third embodiment shown in FIG. 10 is the same as the drive method for the liquid crystal 
display device of the second embodiment shown beforehand in FIG. 3. That is, in the 
case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
light transmittance are the same as those shown in FIG. 7, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 8. 

That is to say, if the liquid crystal display device shown in FIG. 10 is used, then 
as with the second embodiment, the fluctuations of the pixel voltage Vpix accompanying 
the response of the liquid crystal can be eliminated, enabling a desired gradation to be 
obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 10, the 
construction is such that the scanning voltage is used as the power supply for the first p- 
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type MOS transistor (Qpl) 1002 which operates as an analog amplifier, and as the reset 
power supply, and resetting of the amplifier is performed by the first p-type MOS 
transistor (Qpl) 1002 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
5 amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 1002 
^ and (Qp2) 1003 were formed from p-SiTFTs. However these may be formed from other 

m 10 thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 

p from single crystal silicon transistors. 

sf When the above described liquid crystal display device and drive method of the 

12 third embodiment is applied to a liquid crystal display device with a time division 

HF driving method which switches the color of the incident light in one field (one frame) 

% 15 period to perform color display, good color reproduction and high gradation display can 

m be realized. This is because of the characteristic that even in the case where the liquid 

crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
20 occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A fourth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 12 is a diagram showing a fourth embodiment of a 
25 liquid crystal display device of the present invention. As shown in the figure, the liquid 
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crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
1001 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 1002 with a gate electrode connected to the other of the source electrode 
5 and the drain electrode of the n-type MOS transistor (Qn) 1001, and one of a source 
electrode and a drain electrode connected to the scanning line 101, and the other of the 
source electrode and the drain electrode connected to a pixel electrode 107; a voltage 
holding capacitor 106 formed between the gate electrode of the first p-type MOS 
transistor (Qpl) 1002 and a voltage holding capacitor electrode 105; a second p-type 
10 MOS transistor (Qp2) 1003 with a gate electrode connected to the voltage holding 

capacitor electrode 105, a source electrode connected to a source power supply VS 1201, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the n-type MOS transistor (Qn) 1001 and the first and second p-type MOS 
15 transistors (Qpl) 1002 and (Qp2) 1003 are constituted by p-SiTFTs. 

The source power supply VS 1201 for supply to the source electrode of the 
second p-type MOS transistor (Qp2) 1003, is set so that the source-drain resistance Rdsp 
of the second p-type MOS transistor (Qp2) 1003 becomes less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
20 crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 
the previous equation (3). For example, in the case when the resistance Rsp is 5 GQ , 
then a source power supply VS 1201 such that the source-drain resistance Rdsp does not 
exceed 1 GQ is supplied. The operating point for the second p-type MOS transistor 
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(Qp2) 1003 is the same as the operating point shown in FIG. 11. That is, with the 
example in the figure, the gate-source voltage (VCH-VS) of the second p-type MOS 
transistor (Qp2) 1003 is set to around -3V. For example, the voltage holding capacitor 
voltage VCH is set to 17V, and VS is set to 20V. As a result, when the drain current of 
5 the second p-type MOS transistor (Qp2) 1003 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 GQ . 
Furthermore, even if the second p-type MOS transistor (Qp2) 1003 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 1003 
10 is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 1002 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
fourth embodiment shown in FIG. 12 is the same as the drive method for the liquid 
crystal display device of the second and third embodiments shown beforehand. That is, 
15 in the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
light transmittance are the same as those shown in FIG. 7, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 8. 
20 That is to say, if the liquid crystal display device shown in FIG. 12 is used, then 

as with the second and third embodiments, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 12, the 
25 construction is such that the scanning voltage is used as the power supply for the first p- 
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type MOS transistor (Qpl) 1002 which operates as an analog amplifier, and as the reset 
power supply, and resetting of the amplifier is performed by the first p-type MOS 
transistor (Qpl) 1002 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 1002 
and (Qp2) 1003 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 
from single crystal silicon transistors. 

When the above described liquid crystal display device and drive method of the 
fourth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A fifth embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 13 is a diagram showing a fifth embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
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display device of the present invention comprises: an n-type MOS transistor (Qn) 1001 
with a gate electrode connected to a scanning line 101 , and one of a source electrode and 
a drain electrode connected to a signal line 102; a first p-type MOS transistor (Qpl) 1002 
with a gate electrode connected to the other of the source electrode and the drain 
electrode of the n-type MOS transistor (Qn) 1001, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the first p-type MOS transistor (Qpl) 1002 and 
a voltage holding capacitor electrode 105; a second p-type MOS transistor (Qp2) 1003 
with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode 105 and a drain electrode connected to the pixel electrode 107; and a liquid 
crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 
opposing electrode 108. Here the n-type MOS transistor (Qn) 1001 and the first and 
second p-type MOS transistors (Qpl) 1002 and (Qp2) 1003 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second p-type 
MOS transistor (Qp2) 1003 are both connected to the voltage holding capacitor electrode 
105, then the gate-source voltage Vgsp of the second p-type MOS transistor (Qp2) 1003 
becomes 0V. Under this bias condition, so that the source-drain resistance Rdsp of the 
second p-type MOS transistor (Qp2) 1003 satisfies the beforementioned equation (3), 
the threshold value voltage of the second p-type MOS transistor (Qp2) 1003 is shift 
controlled to the positive side by channel-dose. FIG. 14 shows the drain current-gate 
voltage characteristics of the second p-type MOS transistor (Qp2) 1003, and the 
operating point. As shown in the figure, the threshold value voltage is shift controlled to 
the positive side by channel-dose so that when the gate-source voltage is 0V, the drain 
current becomes approximately 1E-8 (A). As a result, when the drain current of the 
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second p-type MOS transistor (Qp2) 1003 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 GQ . 
Furthermore, even if the second p-type MOS transistor (Qp2) 1003 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 1003 
is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 1002 is operated as an analog amplifier. 

With the fifth embodiment, the bias power supply VB 1004, and the source power 
supply VS 1201 necessary in the third and fourth embodiments are not necessary. 
However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the fifth 
embodiment shown in FIG. 13 is the same as the drive method for the liquid crystal 
display device of the second through fourth embodiments shown beforehand. That is, in 
the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
light transmittance are the same as those shown in FIG. 7, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 8. 

That is to say, if the liquid crystal display device shown in FIG. 13 is used, then 
as with the second through fourth embodiments, the fluctuations of the pixel voltage 
Vpix accompanying the response of the liquid crystal can be eliminated, enabling a 
desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 13, the 
construction is such that the scanning voltage is used as the power supply for the first p- 
type MOS transistor (Qpl) 1002 which operates as an analog amplifier, and as the reset 
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power supply, and resetting of the amplifier is performed by the first p-type MOS 
transistor (Qpl) 1002 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
5 efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 1002 
and (Qp2) 1003 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 
10 from single crystal silicon transistors. 

When the above described liquid crystal display device and drive method of the 
fifth embodiment is applied to a liquid crystal display device with a time division driving 
method which switches the color of the incident light in one field (one frame) period to 
perform color display, good color reproduction and high gradation display can be 
15 realized. This is because of the characteristic that even in the case where the liquid 

crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
20 desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A sixth embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 15 is a diagram showing a sixth embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
25 display device of the present invention comprises: a p-type MOS transistor (Qp) 1501 
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with a gate electrode connected to a scanning line 101, and one of a source electrode and 
a drain electrode connected to a signal line 102; an n-type MOS transistor (Qn) 1502 
with a gate electrode connected to the other of the source electrode and the drain 
electrode of the p-type MOS transistor (Qp) 1501, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the n-type MOS transistor (Qn) 1502 and a 
voltage holding capacitor electrode 105; a resistor RL 1503 connected between the pixel 
electrode 107 and the voltage holding capacitor electrode 105; and a liquid crystal 109 
which is to be switched, disposed between the pixel electrode 107 and an opposing 
electrode 108. Here the p-type MOS transistor (Qp) 1501 and the n-type MOS transistor 
(Qn) 1502 are constituted by p-SiTFTs. 

Moreover, the value of the resistor RL 1503 is set to less than or equal to the 
value of the resistance component which determines the response time constant of the 
liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit 
shown in FIG. 60 and FIG. 62, and the value of the resistor RL 1503, have the relation 
shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 1503 is set to a value of around 1 G Q . A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as with the second embodiment. 

FIG. 16 shows a structural example for the case where the resistor RL 1503 is 
formed from a lightly doped n-type semiconductor thin film (n-). In FIG. 16, the 
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construction of an n-type p-SiTFT 1601 is also shown. As shown in the figure, one of 
the source and the drain electrodes of the n-type p-SiTFT 1601 is connected to the 
scanning line 101, and the other is connected to the pixel electrode 107. Here with the n- 
layer 602 portion which forms the resistor, the amount of impurity doping, and the 
length and width are designed so that the conditions shown in equation (1) are satisfied. 
Moreover, the n-type p-SiTFT 1601 has a lightly doped drain (referred to hereunder as 
an LDD) construction for high voltage endurance. In order to simplify the production 
process, the step of forming the LDD of the p-SiTFT 1601 and the step of forming the 
resistor RL (n-) are performed at the same time. 

Next, an example of where the resistor RL is formed from a semiconductor thin 
film (i layer) 501 which has not been doped with impurities is shown in FIG. 17. Here 
the length and width of the i layer 501 forming the resistor are designed so that equation 
(1) is satisfied. Furthermore, in the case where the i layer 501 is used as the resistor RL, 
then as shown in the figure, an n-type lightly doped n- layer 602 is formed between a 
source-drain electrode (n+) 601 on the side of the n-type p-SiTFT 1601 which is 
connected to the pixel electrode 107, and the resistor RL (i layer) 501. This is because if 
the n+ layer and the i layer are contacted, an extremely high short key resistance is 
formed, and a resistance satisfying equation (1) can no longer be formed on the small 
area. Similarly, an n- layer 602 is formed between the n+ electrode 601 connected to the 
voltage holding capacitor electrode 105, and the i layer 501. 

Next, an example for the case where the resistor RL is formed from a p-type 
semiconductor thin film (p-) which has been lightly doped is shown in FIG. 18. Here 
with the portion of the p- layer 404 which forms the resistor, the amount of impurity 
doping, and the length and width are designed so that the conditions shown in equation 
(1) are satisfied. In the case where the source-drain electrode (n+ layer) 601 of the n- 
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type p-SiTFT 1601, and the p- layer 404 are connected, then as shown in the figure, the 
n+ layer 601 and the p+ layer 403 are connected through the metal layer 406, and the p+ 
layer 403 is contacted with the p- layer 404. 

In the above, the description has been for the case where the resistor RL 1503 

5 shown in FIG. 15 is formed from a semiconductor thin film or a semiconductor thin film 
doped with impurities. However provided the resistance satisfies equation (1), then 
other materials may be employed. 

As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG.-15. FIG. 19 shows the timing chart, 

10 and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
a data signal voltage Vd, a gate voltage Va of the n-type MOS transistor (Qn) 1502, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 

15 shown in FIG. 15. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. As shown in the 
figure, due to the gate scanning voltage Vg in the horizontal scanning period becoming a 
low level VgL, the p-type MOS transistor (Qp) 1501 comes on, and the data signal Vd 
input to the signal line is transferred to the gate electrode of the n-type MOS transistor 

20 (Qn) 1502 through the p-type MOS transistor (Op) 1501. On the other hand, in the 

horizontal scanning period, the pixel electrode 107 attains the reset state due to the gate 
scanning voltage VgL being transferred through the n-type MOS transistor (Qn) 1502. 
Here as described below, the n-type MOS transistor (Qn) 1502 operates as a source 
follower type analog amplifier, after the horizontal scanning period is completed. 
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However due to the pixel voltage Vpix becoming VgL in the horizontal scanning period, 
the resetting of the n-type MOS transistor (Qn) 1502 is performed at the same time. 

When the horizontal scanning period is completed and the gate scanning voltage 
Vg becomes a high level, the p-type MOS transistor (Qp) 1501 goes off, and the data 
5 signal transferred to the gate electrode of the n-type MOS transistor (Qn) 1502 is held by 
the voltage holding capacitor 105. At this time, with the gate input voltage Va of the n- 
type MOS transistor, at the time when the p-type MOS transistor (Qp) 1501 goes off, a 
voltage shift referred to as a feed-through voltage occurs through the capacitance 
between the gate and the source of the p-type MOS transistor (Qp) 1501. In FIG. 19 this 
10 is shown by Vfl, Vf2 and VS. The amount of this voltage shift Vf 1, Vf2 and Vf3 can 
be made smaller by designing the value for the voltage holding capacitor 105 to be large. 
The gate input voltage Va of the n-type MOS transistor (Qn) 1502 is held until the gate 
scanning voltage Vg again becomes a low level in the subsequent field period and the p- 
type MOS transistor (Qp) 1501 is selected. On the other hand, the n-type MOS transistor 
15 (Qn) 1502, on completion of resetting in the horizontal scanning period, operates as a 
source follower type analog amplifier with the pixel electrode 107 as the source 
electrode. At this time, in order to operate the n-type MOS transistor (Qn) 1502 as an 
analog amplifier, a voltage at least lower than (Vdmin-Vtn) is supplied to the voltage 
holding capacitor electrode 105. Here Vdmin is the minimum value of the data signal 
20 voltage Vd, while Vtn is the threshold value voltage of the n-type MOS transistor (Qn) 
1502. The n-type MOS transistor (Qn) 1502, during the period in the subsequent field 
up until the gate scanning voltage becomes VgL to thus execute reset, can output an 
analog gradation voltage corresponding to the held gate input voltage Va. This output 
voltage changes depending on the transconductance gmn of the n-type MOS transistor 
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(Qn) 1502, and the value of the resistor RL 1503, however it is generally represented by 
the following equation: 



Vpix = Va-Vtn (4) 

5 

Here Vtn is normally a positive value, and hence as shown in FIG. 19, the pixel 
voltage Vpix becomes a voltage which is lower than Va by the threshold value voltage of 
the n-type MOS transistor (Qn) 1502. 

10 In this way, the fluctuations in the pixel voltage Vpix accompanying the response 

of the liquid crystal as discussed for the conventional technology can be eliminated, and 
as also shown by the liquid crystal light transmittance in FIG. 19, it becomes possible to 
obtain a desired gradation for each one field. 

Furthermore, with the liquid crystal display device of the present invention, the 

15 construction is such that the scanning voltage is used as the power supply for the n-type 
MOS transistor (Qn) 1502 which operates as an analog amplifier, and as the reset power 
supply, and resetting of the amplifier is performed by the n-type MOS transistor (Qn) 
1502 itself. Therefore wiring and circuits such as a power supply lead, a reset power 
supply lead and a reset switch, become unnecessary. As a result, the analog amplifier 

20 can be constructed with a smaller area than heretofore, giving a high aperture efficiency 
so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 1501 and the n-type MOS transistor (Qn) 1502 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
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SiTFTs or CdSeTFTs. Moreover these may be formed from single crystal silicon 
transistors. 

Next is a description of a method of driving a TN liquid crystal using the liquid 
crystal display device of the present invention shown in FIG. 15. FIG. 20 shows the 
5 timing chart, and the change in light transmittance of the liquid crystal, for a gate 
scanning voltage Vg, a data signal voltage Vd, a gate voltage Va of the n-type MOS 
transistor (Qn) 1502, and a pixel voltage Vpix, for this case. Here the example is given 
for when the liquid crystal operates in a normally white mode, becoming bright when a 
voltage is not applied. Furthermore, for the data signal Vd, the example is given for 
10 where a signal voltage for creating a bright state over several fields is applied. The drive 
method is the same as for the one shown in the beforementioned FIG. 19. With the TN 
liquid crystal, since the response time is around several tens of msec to lOOmec, then as 
shown in FIG. 20, the TN liquid crystal undergoes a transition to the bright state over 
several fields. During this time, the liquid crystal capacitance changes due to the 
15 molecules of the TN liquid crystal switching. With the conventional liquid crystal 
display device, as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention, the n-type MOS transistor (Qn) 1502 operates as an amplifier, and hence a 
20 constant voltage can be applied continuously to the liquid crystal 109 without being 

influenced by changes in the capacitance of the TN liquid crystal. Therefore the inherent 
light transmittance can be obtained, and accurate gradation display can be performed. 

Next is a description of the change of the pixel voltage Vpix when the value of 
the resistor RL 1503 is changed, in the liquid crystal display device of the present 
25 invention shown in FIG. 15. FIG. 21 shows aspects of the change of the pixel voltage 
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Vpix for the case where the value of the resistor RL 1503 in FIG. 15 is changed with 
respect to the liquid crystal resistance Rsp in FIG. 62, to (1) Rsp/4, (2) Rsp and (3) 2 x 
Rsp. As shown in the figure, in the case where the value of the resistor RL 1503 is 
greater than that of the liquid crystal resistance Rsp ((3)), the pixel voltage Vpix shows a 
large fluctuation in the field in which a negative polarity signal is written. On the other 
hand, in the case where the value of the resistor RL 1503 is less than or equal to that of 
the liquid crystal resistance Rsp ((1),(2)), the fluctuation in the pixel voltage Vpix is 
practically gone. In the case where the value of the resistor RL 1503 is the same as that 
of the liquid crystal resistance Rsp ((2)), only a slight fluctuation is observed, and since 
the period of this fluctuation is extremely short compared to the period of one field, it 
has no influence on performing gradation display control. 

Due to the above described reasons, in the liquid crystal display device shown in 
FIG. 15, the resistor RL 1503 is designed so that the conditions shown in equation (1) 
are satisfied. In practice, the value of the resistor RL 1503 is determined taking into 
consideration the fluctuation amount of the pixel voltage Vpix, and the power 
consumption. In order to reduce power consumption, it is desirable to design the value 
of the resistor RL 1503 so as to be as large as possible within the range where the 
fluctuations of the pixel voltage Vpix do not exert an influence on the liquid crystal light 
transmittance. 

When the above described liquid crystal display device and drive method of the 
sixth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
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ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
5 time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A seventh embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 22 is a diagram showing a seventh embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
p crystal display device of the present invention comprises: a p-type MOS transistor (Qp) 

fy 10 2201 with a gate electrode connected to a scanning line 101, and one of a source 

O electrode and a drain electrode connected to a signal line 102; a first n-type MOS 

transistor (Qnl) 2202 with a gate electrode connected to the other of the source electrode 
% and the drain electrode of the p-type MOS transistor (Qp) 2201, and one of a source 

electrode and a drain electrode connected to the scanning line 101, and the other of the 
2 15 source electrode and the drain electrode connected to a pixel electrode 107; a voltage 

holding capacitor 106 formed between the gate electrode of the first n-type MOS 
transistor (Qnl) 2202 and a voltage holding capacitor electrode 105; a second n-type 
MOS transistor (Qn2) 2203 with a gate electrode connected to a bias power supply VB, a 
source electrode connected to the voltage holding capacitor electrode 105, and a drain 
20 electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to be 

switched, disposed between the pixel electrode 107 and an opposing electrode 108. Here 
the p-type MOS transistor (Qp) 2201 and the first and second n-type MOS transistors 
(Qnl) 2202 and (Qn2) 2203 are constituted by p-SiTFTs. The bias power supply VB 
2204 for supply to the gate electrode of the second n-type MOS transistor (Qn2) 2203, is 
25 set so that a source-drain resistance Rdsn of the second n-type MOS transistor (Qn2) 
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2203 becomes less than or equal to the value of the resistance component which 
determines the response time constant of the liquid crystal. That is, the resistances Rr, 
Rsp in the liquid crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the source- 
drain resistance Rdsn have the relation shown by the following equation: 

5 

Rdsn ^ Rr, Rdsn ^ Rsp (5) 

For example, in the case when the resistance Rsp is 5 G Q , then a bias power 
supply VB 2204 such that the source-drain resistance Rdsn does not exceed 1 GQ is 
10 supplied. FIG. 23 shows the drain current-gate current characteristics of the second n- 
type MOS transistor (Qn2) 2203, and the operating point. With the example in the 
figure, the gate-source voltage (VB-VCH) of the second n-type MOS transistor (Qn2) 
2203 is set to around 3 V. For example, the voltage holding capacitor voltage VCH is set 
to 0V, and VB is set to 3V. As a result, when the drain current of the second n-type 
15 MOS transistor (Qn2) 2203 becomes around 1E-8 (A) and the source-drain voltage Vdsn 
is 10V, then the source-drain resistance Rdsn becomes 1 GQ . Furthermore, even if the 
second n-type MOS transistor (Qn2) 2203 is operated in the weakly inverted region with 
the source-drain voltage Vdsn changing from 2 to 14V, the drain current is 
approximately constant. The second n-type MOS transistor (Qn2) 2203 is operated as 
20 the bias current power supply for the case where the first n-type MOS transistor (Qnl) 
2202 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
seventh embodiment shown in FIG. 22 is the same as the drive method for the liquid 
crystal display device of the sixth embodiment shown beforehand in FIG. 15. That is, in 
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the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
light transmittance are the same as those shown in FIG. 19, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 20. 

That is to say, if the liquid crystal display device shown in FIG. 22 is used, then 
as with the sixth embodiment, the fluctuations of the pixel voltage Vpix accompanying 
the response of the liquid crystal can be eliminated, enabling a desired gradation to be 
obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 22, the 
construction is such that the scanning voltage is used as the power supply for the first n- 
type MOS transistor (Qnl) 2202 which operates as an analog amplifier, and as the reset 
power supply, and resetting of the amplifier is performed by the first n-type MOS 
transistor (Qnl) 2202 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 2201 and the first and second n-type MOS transistors (Qnl) 2202 
and (Qn2) 2203 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 
from single crystal silicon transistors. 

When the above described liquid crystal display device and drive method of the 
seventh embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
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period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
5 OCB mode liquid crystal which responds within one field period, fluctuations do "not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 
An eighth embodiment of the present invention will now be described in detail 
10 with reference to the figures. FIG. 24 is a diagram showing an eighth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: a p-type MOS transistor (Qp) 
2201 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first n-type MOS 
15 transistor (Qnl) 2202 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the p-type MOS transistor (Qp) 2201, and one of a source 
electrode and a drain electrode connected to the scanning line 101, and the other of the 
source electrode and the drain electrode connected to a pixel electrode 107; a voltage 
holding capacitor 106 formed between the gate electrode of the first n-type MOS 
20 transistor (Qnl) 2202 and a voltage holding capacitor electrode 105; a second n-type 
MOS transistor (Qn2) 2203 with a gate electrode connected to the voltage holding 
capacitor electrode 105, a source electrode connected to a source power supply VS 2401, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
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108. Here the p-type MOS transistor (Qp) 2201 and the first and second n-type MOS 
transistors (Qnl) 2202 and (Qn2) 2203 are constituted by p-SiTFTs. 

The source power supply VS 2401 for supply to the source electrode of the 
second n-type MOS transistor (Qn2) 2203, is set so that the source-drain resistance Rdsn 
5 of the second n-type MOS transistor (Qn2) 2203 becomes less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsn, have the relation shown by 
the previous equation (5). For example, in the case when the resistance Rsp is 5 GQ , 
10 then a source power supply VS 2401 such that the source-drain resistance Rdsn does not 
exceed 1 GQ is supplied. The operating point for the second n-type MOS transistor 
(Qn2) 2203 is the same as the operating point shown in FIG. 23. That is, with the 
example in the figure, the gate-source voltage (VCH-VS) of the second n-type MOS 
transistor (Qn2) 2203 is set to around 3 V. For example, the voltage holding capacitor 
15 voltage VCH is set to 3V, and VS is set to 0V. As a result, when the drain current of the 
second n-type MOS transistor (Qn2) 2203 becomes around 1E-8 (A) and the source- 
drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1 GQ . 
Furthermore, even if the second n-type MOS transistor (Qn2) 2203 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, the 
20 drain current is approximately constant. The second n-type MOS transistor (Qn2) 2203 
is operated as the bias current power supply for the case where the first n-type MOS 
transistor (Qnl) 2202 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
eighth embodiment shown in FIG. 24 is the same as the drive method for the liquid 
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crystal display device of the sixth and seventh embodiments shown beforehand. That is, 
in the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
5 light transmittance are the same as those shown in FIG. 19, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 20. 

That is to say, if the liquid crystal display device shown in FIG. 24 is used, then 
as with the sixth and seventh embodiments, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
10 gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 24, the 
construction is such that the scanning voltage is used as the power supply for the first n- 
type MOS transistor (Qnl) 2202 which operates as an analog amplifier, and as the reset 
power supply, and resetting of the amplifier is performed by the first n-type MOS 
15 transistor (Qnl) 2202 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
20 MOS transistor (Qp) 2201 and the first and second n-type MOS transistors (Qnl) 2202 
and (Qn2) 2203 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 
from single crystal silicon transistors. 

When the above described liquid crystal display device and drive method of the 
25 eighth embodiment is applied to a liquid crystal display device with a time division 
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driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal/or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A ninth embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 25 is a diagram showing a ninth embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: a p-type MOS transistor (Qp) 2201 
with a gate electrode connected to a scanning line 101, and one of a source electrode and 
a drain electrode connected to a signal line 102; a first n-type MOS transistor (Qnl) 2202 
with a gate electrode connected to the other of the source electrode and the drain 
electrode of the p-type MOS transistor (Qp) 2201, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the first n-type MOS transistor (Qnl) 2202 and 
a voltage holding capacitor electrode 105; a second n-type MOS transistor (Qn2) 2203 
with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode 105, and a drain electrode connected to the pixel electrode 107; and a liquid 
crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 
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opposing electrode 108. Here the p-type MOS transistor (Qp) 2201 and the first and 
second n-type MOS transistors (Qnl) 2202 and (Qn2) 2203 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second n- 
type MOS transistor (Qn2) 2203 are both connected to the voltage holding capacitor 
5 electrode 105, then the gate-source voltage Vgsn of the second n-type MOS transistor 
(Qn2) 2203 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsn of the second n-type MOS transistor (Qn2) 2203 satisfies the beforementioned 
equation (5), the threshold value voltage of the second n-type MOS transistor (Qn2) 
2203 is shift controlled to the negative side by channel-dose. FIG. 26 shows the drain 
10 current-gate voltage characteristics of the second n-type MOS transistor (Qn2) 2203, and 
the operating point. As shown in the figure, the threshold value voltage is shift 
controlled to the negative side by channel-dose so that when the gate-source voltage is 
0V, the drain current becomes approximately 1E-8 (A). As a result, when the drain 
current of the second n-type MOS transistor (Qn2) 2203 becomes around 1E-8 (A) and 
15 the source-drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1 
GQ . Furthermore, even if the second n-type MOS transistor (Qn2) 2203 is operated in 
the weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, 
the drain current is approximately constant. The second n-type MOS transistor (Qn2) 
2203 is operated as the bias current power supply for the case where the first n-type 
20 MOS transistor (Qnl) 2202 is operated as an analog amplifier. 

With the ninth embodiment, the bias power supply VB 2204, and the source 
power supply VS 2501 necessary in the seventh and eighth embodiments are not 
necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
25 ninth embodiment shown in FIG. 25 is the same as the drive method for the liquid 



crystal display device of the sixth through eighth embodiments shown beforehand. That 
is, in the case where a high speed liquid crystal such as a ferroelectric liquid crystal 
having polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal 
which responds within one field period, is driven, the pixel voltage Vpix and the liquid 
5 crystal light transmittance are the same as those shown in FIG. 19, while in the case 
where a TN liquid crystal is driven, these are the same as those shown in FIG. 20. 

That is to say, if the liquid crystal display device shown in FIG. 25 is used, then 
as with the sixth through eighth embodiments, the fluctuations of the pixel voltage Vpix 

*-* accompanying the response of the liquid crystal can be eliminated, enabling a desired 

ry 10 gradation to be obtained for each one field. 

p Moreover, with the liquid crystal display device shown in FIG. 25, the 

Nl construction is such that the scanning voltage is used as the power supply for the first n- 

L type MOS transistor (Qnl) 2202 which operates as an analog amplifier, and as the reset 

J power supply, and resetting of the amplifier is performed by the first n-type MOS 

g 15 transistor (Qnl) 2202 itself. Therefore wiring and circuits such as a power supply lead, a 

reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
20 MOS transistor (Qp) 2201 and the first and second n-type MOS transistors (Qnl) 2202 
and (Qn2) 2203 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 
from single crystal silicon transistors. 

When the above described liquid crystal display device and drive method of the 
25 ninth embodiment is applied to a liquid crystal display device with a time division 
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driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A tenth embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 27 is a diagram showing a tenth embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: an n-type MOS transistor (Qn) 2701 
with a gate electrode connected to an Nth (where N is an integer of two or more) 
scanning line 2705, and one of a source electrode and a drain electrode connected to a 
signal line 102; a p-type MOS transistor (Qp) 2702 with a gate electrode connected to 
the other of the source electrode and the drain electrode of the n-type MOS transistor 
(Qn) 2701, and one of a source electrode and a drain electrode connected to an (N-l)th 
scanning line 2704, and the other of the source electrode and the drain electrode 
connected to a pixel electrode 107; a voltage holding capacitor 106 formed between the 
gate electrode of the p-type MOS transistor (Qp) 2702 and a voltage holding capacitor 
electrode 105; a resistor RL 2703 connected between the pixel electrode 107 and the 
voltage holding capacitor electrode 105; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the n- 
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type MOS transistor (Qn) 2701 and the p-type MOS transistor (Qp) 2702 are constituted 
by p-SiTFTs. 

The value of the resistor RL 2703, as with the second embodiment, is set to less 
than or equal to the value of the resistance component which determines the response 
time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal 
equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 2703, 
have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 GQ , then the value of the 

resistor RL 2703 is set to a value of around 1 G Q . A value of 1 G Q which is a large 

resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 

That is to say, the construction and manufacturing method for the case where the 
resistor RL 2703 is formed from a lightly doped p-type semiconductor thin film (p-) are 
the same as shown in FIG. 4. Moreover, the construction and manufacturing method for 
the case where the resistor RL 2703 is formed from a semiconductor thin film (i layer) 
which has not been doped with impurities are the same as shown in FIG. 5. Furthermore, 
the construction and manufacturing method for the case where the resistor RL 2703 is 
formed from an n-type semiconductor thin film (n-) are the same as shown in FIG. 6. In 
the above, the description has been for the case where the resistor RL 2703 shown in FIG. 
27 is formed from a semiconductor thin film or a semiconductor thin film doped with 
impurities. However provided the resistance satisfies equation (1), then other materials 
may be employed. 
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As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 27. FIG. 28 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
a data signal voltage Vd, a gate voltage Va of the p-type MOS transistor (Qp) 2702, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 27. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the (N-l)th gate scanning voltage Vg 
(N-l) becomes a high level VgH, the pixel electrode 107 attains the reset state due to the 
gate scanning voltage VgH being transferred through the p-type MOS transistor (Qp) 
2702. Here as described below, the p-type MOS transistor (Qp) 2702 operates as a 
source follower type analog amplifier, after the selection period of the (N-l)th scanning 
line is completed. However due to the pixel voltage Vpix becoming VgH in the 
selection period of the (N-l)th scanning line, the resetting of the p-type MOS transistor 
(Qp) 2702 is performed.. 

Then in the period where the Nth gate scanning voltage Vg (N) becomes a high 
level VgH, the n-type MOS transistor (Qn) 2701 comes on, and the data signal Vd input 
to the signal line is transferred to the gate electrode of the p-type MOS transistor (Qp) 
2702 through the n-type MOS transistor (Qn) 2701. When the horizontal scanning 
period is completed and the gate scanning voltage Vg becomes a low level, the n-type 
MOS transistor (Qn) 2701 goes off, and the data signal transferred to the gate electrode 
of the p-type MOS transistor (Qp) 2702 is held by the voltage holding capacitor 105. At 
this time, with the gate input voltage Va of the p-type MOS transistor (Qp) 2702, at the 
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time when the n-type MOS transistor (Qn) 2701 goes off, a voltage shift referred to as a 
feed-through voltage occurs through the capacitance between the gate and the source of 
the n-type MOS transistor (Qn) 2701. In FIG. 28 this is shown by Vfl, Vf2 and Vf3. 
The amount of this voltage shift Vfl, Vf2 and Vf3 can be made smaller by designing the 
5 value for the voltage holding capacitor 105 to be large. The gate input voltage Va of the 
p-type MOS transistor (Qp) 2702 is held until the Nth gate scanning voltage Vg again 
becomes a high level in the subsequent field period and the n-type MOS transistor (Qn) 
2701 is selected. 

On the other hand, the p-type MOS transistor (Qp) 2702, on completion of 
10 resetting in the (N-l)th horizontal scanning period, operates from the (N)th horizontal 
scanning period and thereafter as a source follower type analog amplifier with the pixel 
electrode 107 as the source electrode. At this time, in order to operate the p-type MOS 
transistor (Qp) 2702 as an analog amplifier, a voltage at least higher than (Vdmax-Vtp) 
is supplied to the voltage holding capacitor electrode 105. Here Vdmax is the maximum 
15 value of the data signal voltage Vd, while Vtp is the threshold value voltage of the p-type 
MOS transistor (Qp) 2702. The p-type MOS transistor (Qp) 2702, during the period in 
the subsequent field up until the (N-l)th gate scanning voltage becomes VgH to thus 
execute reset, can output an analog gradation voltage corresponding to the held gate 
input voltage Va. This output voltage changes depending on the transconductance gmp 
20 of the p-type MOS transistor (Qp) 2702 and the value of the resistor RL 2703, however it 
is generally represented by the previously mentioned equation (2). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
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shown by the liquid crystal light transmittance in FIG. 28, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the liquid crystal display device of the present invention, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the p-type MOS transistor (Qp) 2702 which operates as an analog amplifier, and as 
the reset power supply, and resetting of the amplifier is performed by the p-type MOS 
transistor (Qp) 2702 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 2701 and the p-type MOS transistor (Qp) 2702 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal silicon 
transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 28 is of course also possible. With the conventional liquid crystal display device, 
the liquid crystal capacitance changes due to the molecules of the TN liquid crystal 
switching, and as shown in the beforementioned FIG* 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 27, the p-type MOS transistor (Qp) 2702 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
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Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
tenth embodiment is applied to a liquid crystal display device with a time division 
5 driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
10 OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

An eleventh embodiment of the present invention will now be described in detail 
15 with reference to the figures, FIG. 29 is a diagram showing an eleventh embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
2901 with a gate electrode connected to an Nth scanning line 2705, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
20 transistor (Qpl) 2902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 2901, and one of a source 
electrode and a drain electrode connected to an (N-l)th scanning line 2704, and the other 
of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the first p-type MOS 
25 transistor (Qpl) 2902 and a voltage holding capacitor electrode 105; a second p-type 



-87- 

MOS transistor (Qp2) 2903 with a gate electrode connected to a bias power supply VB 
2904, a source electrode connected to the voltage holding capacitor electrode 105, and a 
drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
5 Here the n-type MOS transistor (Qn) 2901 and the first and second p-type MOS 

transistors (Qpl) 2902 and (Qp2) 2903 are constituted by p-SiTFTs. Moreover, the bias 
power supply VB 2904 for supply to the gate electrode of the second p-type MOS 
transistor (Qp2) 2903, is set so that a source-drain resistance Rdsp of the second p-type 
MOS transistor (Qp2) 2903 becomes less than or equal to the value of the resistance 

10 component which determines the response time constant of the liquid crystal. That is, 
the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in FIG. 60 and FIG. 
62, and the source-drain resistance Rdsp, have the relation shown by the previously 
mentioned equation (3). 

For example, in the case when the resistance Rsp is 5 G Q , then a bias power 

15 supply VB 2904 such that the source-drain resistance Rdsp does not exceed 1 G Q is 

supplied. At this time, the drain current-gate current characteristics of the second p-type 
MOS transistor (Qp2) 2903, and the operating point are the same as shown in FIG. 11. 
That is, with the example in FIG. 11, the gate-source voltage (VB-VCH) of the second p- 
type MOS transistor (Qp2) 2903 is set to around -3V. As a result, when the drain current 

20 of the second p-type MOS transistor (Qp2) 2903 becomes around 1E-8 (A) and the 

source-drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1GQ. 
Furthermore, even if the second p-type MOS transistor (Qp2) 2903 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 2903 
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is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 2902 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
eleventh embodiment shown in FIG. 29 is the same as the drive method for the liquid 

5 crystal display device of the tenth embodiment explained beforehand with reference to 
FIG. 28. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 28. 

10 Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 29, this can be driven with the same drive method as 
shown in FIG. 28. 

That is to say, if the liquid crystal display device shown in FIG. 29 is used, then 
as with the tenth embodiment, the fluctuations of the pixel voltage Vpix accompanying 

15 the response of the liquid crystal can be eliminated, enabling a desired gradation to be 
obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 29, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the first p-type MOS transistor (Qpl) 2902 which operates as an analog amplifier, 

20 and as the reset power supply, and resetting of the amplifier is performed by the first p- 
type MOS transistor (Qpl) 2902 itself. Therefore wiring and circuits such as a power 
supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 
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Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 2901 and the first and second p-type MOS transistors (Qpl) 2902 
and (Qp2) 2903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
5 from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
eleventh embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
10 be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
15 desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twelfth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 30 is a diagram showing a twelfth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
20 crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
2901 with a gate electrode connected to an Nth scanning line 2705, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 2902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 2901, and one of a source 
25 electrode and a drain electrode connected to an (N-l)th scanning line 2704, and the other 
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of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the first p-type MOS 
transistor (Qpl) 2902 and a voltage holding capacitor electrode 105; a second p-type 
MOS transistor (Qp2) 2903 with a gate electrode connected to the voltage holding 
capacitor electrode 105, a source electrode connected to a source power supply VS 3001, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the n-type MOS transistor (Qn) 2901 and the first and second p-type MOS 
transistors (Qpl) 2902 and (Qp2) 2903 are constituted by p-SiTFTs. 

The source power supply VS 3001 for supply to the source electrode of the 
second p-type MOS transistor (Qp2) 2903, is set so that the source-drain resistance Rdsp 
of the second p-type MOS transistor (Qp2) 2903 becomes less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 
the previous equation (3). For example, in the case when the resistance Rsp is 5 G Q , 
then a source power supply VS 3001 such that the source-drain resistance Rdsp does not 
exceed 1 GQ is supplied. The operating point for the second p-type MOS transistor 
(Qp2) 2903 is the same as the operating point shown in FIG. 11. That is, with the 
example in the figure, the gate-source voltage (VCH-VS) of the second p-type MOS 
transistor (Qp2) 2903 is set to around -3V. As a result, when the drain current of the 
second p-type MOS transistor (Qp2) 2903 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 GQ . 
Furthermore, even if the second p-type MOS transistor (Qp2) 2903 is operated in the 



-91- 

weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 2903 
is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 2902 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
twelfth embodiment shown in FIG. 30 is the same as the drive method for the liquid 
crystal display device of the tenth and eleventh embodiments explained beforehand. 
That is, in the case where a high speed liquid crystal such as a ferroelectric liquid crystal 
having polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal 
which responds within one field period, is driven, the pixel voltage Vpix and the liquid 
crystal light transmittance are the same as those shown in FIG. 28. Moreover, also in the 
case where a TN liquid crystal is driven using the liquid crystal display device shown in 
FIG. 30, this can be driven with the same drive method as shown in FIG. 28. 

That is to say, if the liquid crystal display device shown in FIG. 30 is used, then 
as with the tenth and eleventh embodiments, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 30, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the first p-type MOS transistor (Qpl) 2902 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first p- 
type MOS transistor (Qpl) 2902 itself. Therefore wiring and circuits such as a power 
supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 
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Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 2901 and the first and second p-type MOS transistors (Qpl) 2902 
and (Qp2) 2903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
5 from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twelfth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
D period to perform color display, good color reproduction and high gradation display can 

■.in- 

fy 10 be realized. This is because of the characteristic that even in the case where the liquid 

Q crystal display device of the present invention drives a high speed liquid crystal such as a 

N ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 

jL OCB mode liquid crystal which responds within one field period, fluctuations do not 

J occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 

2 15 desired gradation display can be performed for each one field (one frame) period. At this 

time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A thirteenth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 31 is a diagram showing a thirteenth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
20 crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
2901 with a gate electrode connected to an Nth scanning line 2705, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 2902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 2901, and one of a source 
25 electrode and a drain electrode connected to an (N-l)th scanning line 2705, and the other 
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of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the first p-type MOS 
transistor (Qpl) 2902 and a voltage holding capacitor electrode 105; a second p-type 
MOS transistor (Qp2) 2903 with a gate electrode and source electrode connected to the 
5 voltage holding capacitor electrode 105, and a drain electrode connected to the pixel 
electrode 107; and a liquid crystal 109 which is to be switched, disposed between the 
pixel electrode 107 and an opposing electrode 108. Here the n-type MOS transistor (Qn) 
2901 and the first and second p-type MOS transistors (Qpl) 2902 and (Qp2) 2903 are 
constituted by p-SiTFTs. 

10 Furthermore, since the gate electrode and the source electrode of the second p- 

type MOS transistor (Qp2) 2903 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsp of the second p-type MOS transistor 
(Qp2) 2903 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsp of the second p-type MOS transistor (Op2) 2903 satisfies the beforementioned 

15 equation (3), the threshold value voltage of the second p-type MOS transistor (Qp2) 
2903 is shift controlled to the positive side by channel-dose. At this time, the drain 
current-gate voltage characteristics of the second p-type MOS transistor (Qp2) 1003, and 
the operating point are the same as shown in FIG. 14. That is, as shown in FIG. 14, the 
threshold value voltage is shift controlled to the positive side by channel-dose so that 

20 when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 (A). 
As a result, when the drain current of the second p-type MOS transistor (Qp2) 2903 
becomes around 1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source- 
drain resistance Rdsp becomes 1 GQ . Furthermore, even if the second p-type MOS 

transistor (Qp2) 2903 is operated in the weakly inverted region with the source-drain 
25 voltage Vdsp changing from -2 to -14V, the drain current is approximately constant. 
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The second p-type MOS transistor (Qp2) 2903 is operated as the bias current power 
supply for the case where the first p-type MOS transistor (Qpl) 2902 is operated as an 
analog amplifier. 

With the thirteenth embodiment, the bias power supply VB 2904, and the source 
power supply VS 3001 necessary in the eleventh and twelfth embodiments are not 
necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
thirteenth embodiment shown in FIG. 31 is the same as the drive method for the liquid 
crystal display device of the tenth through twelfth embodiments explained beforehand. 
That is, in the case where a high speed liquid crystal such as a ferroelectric liquid crystal 
having polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal 
which responds within one field period, is driven, the pixel voltage Vpix and the liquid 
crystal light transmittance are the same as those shown in FIG. 28. Moreover, also in the 
case where a TN liquid crystal is driven using the liquid crystal display device shown in 
FIG. 31, this can be driven with the same drive method as shown in FIG. 28. 

That is to say, if the liquid crystal display device shown in FIG. 31 is used, then 
as with the tenth through twelfth embodiments, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 31, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the first p-type MOS transistor (Qpl) 2902 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first p- 
type MOS transistor (Qpl) 2902 itself. Therefore wiring and circuits such as a power 
supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
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result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 2901 and the first and second p-type MOS transistors (Qpl) 2902 
5 and (Qp2) 2903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
thirteenth embodiment is applied to a liquid crystal display device with a time division 
10 driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
15 OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A fourteenth embodiment of the present invention will now be described in detail 
20 with reference to the figures. FIG. 32 is a diagram showing a fourteenth embodiment of 
a liquid crystal display device of the present invention. As shown in the figure, the 
liquid crystal display device of the present invention comprises: a p-type MOS transistor 
(Qp) 3201 with a gate electrode connected to an Nth scanning line 2705, and one of a 
source electrode and a drain electrode connected to a signal line 102; an n-type MOS 
25 transistor (Qn) 3202 with a gate electrode connected to the other of the source electrode 
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and the drain electrode of the p-type MOS transistor (Qp) 3201, and one of a source 
electrode and a drain electrode connected to the (N-l)th scanning line 2704, and the 
other of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the n-type MOS 
transistor (Qn) 3202 and a voltage holding capacitor electrode 105; a resistor RL3203 
connected between the pixel electrode 107 and the voltage holding capacitor electrode 
105; and a liquid crystal 109 which is to be switched, disposed between the pixel 
electrode 107 and an opposing electrode 108. Here the p-type MOS transistor (Qp) 3201 
and the n-type MOS transistor (Qn) 3202 are constituted by p-SiTFTs. 

Moreover, the value of the resistor RL 3203, as with the sixth embodiment, is set 
to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
3203, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 GQ , then the value of the 

resistor RL 3203 is set to a value of around 1 G Q . A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the sixth embodiment. 

That is to say, the construction and manufacturing method for the case where the 
resistor RL 3203 is formed from a lightly doped n-type semiconductor thin film (n-) are 
the same as shown in FIG. 16. Moreover, the construction and manufacturing method 
for the case where the resistor RL 3203 is formed from a semiconductor thin film (i 
layer) which has not been doped with impurities are the same as shown in FIG. 17. 
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Furthermore, the construction and manufacturing method for the case where the resistor 
RL 3203 is formed from a p-type semiconductor thin film (p-) are the same as shown in 
FIG. 18. In the above, the description has been for the case where the resistor RL 3203 
shown in FIG. 32 is formed from a semiconductor thin film or a semiconductor thin film 
5 doped with impurities. However provided the resistance satisfies equation (1), then 
other materials may be employed. 

As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 32. FIG. 33 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
10 a data signal voltage Vd, a gate voltage Va of the n-type MOS transistor (Qn) 3202, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 32. Here the example is given for when the liquid crystal operates in a 
15 normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the (N-l)th gate scanning voltage Vg 
(N-l) becomes a low level VgL, the pixel electrode 107 attains the reset state due to the 
gate scanning voltage VgL being transferred through the n-type MOS transistor (Qn) 
3202. Here as described below, the n-type MOS transistor (Qn) 3202 operates as a 
20 source follower type analog amplifier, after the selection period of the (N-l)th scanning 
line is completed. However due to the pixel voltage Vpix becoming VgL in the selection 
period of the (N-l)th scanning line, the resetting of the n-type MOS transistor (Qn) 3202 
is performed. 

Then in the period where the Nth gate scanning voltage Vg (N) becomes a low 
25 level VgL, the p-type MOS transistor (Qp) 3201 comes on, and the data signal Vd input 
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to the signal line is transferred to the gate electrode of the n-type MOS transistor (Qn) 
3202 through the p-type MOS transistor (Qp) 3201. When the horizontal scanning 
period is completed and the gate scanning voltage Vg becomes a high level, the p-type 
MOS transistor (Qp) 3201 goes off, and the data signal transferred to the gate electrode 

5 of the n-type MOS transistor (Qn) 3202 is held by the voltage holding capacitor 105. At 
this time, with the gate input voltage Va of the n-type MOS transistor (Qn) 3202, at the 
time when the p-type MOS transistor (Qp) 3201 goes off, a voltage shift referred to as a 
feed-through voltage occurs through the capacitance between the gate and the source of 
the p-type MOS transistor (Qp) 3201. In FIG. 33 this is shown by Vfl, V£2 and Vf3. 

10 The amount of this voltage shift Vfl, Vf2 and Vf3 can be made smaller by designing the 
value for the voltage holding capacitor 105 to be large. The gate input voltage Va of the 
n-type MOS transistor (Qn) 3202 is held until the Nth gate scanning voltage Vg again 
becomes a low level in the subsequent field period and the p-type MOS transistor (Qp) 
3201 is selected. 

15 On the other hand, the n-type MOS transistor (Qn) 3202, on completion of 

resetting in the (N-l)th horizontal scanning period, operates from (N)th horizontal 
scanning period and thereafter as a source follower type analog amplifier with the pixel 
electrode 107 as the source electrode. At this time, in order to operate the n-type MOS 
transistor (Qn) 3202 as an analog amplifier, a voltage at least lower than (Vdmin-Vtn) is 

20 supplied to the voltage holding capacitor electrode 105. Here Vdmin is the minimum 

value of the data signal voltage Vd, while Vtn is the threshold value voltage of the n-type 
MOS transistor (Qn) 3202. The n-type MOS transistor (Qn) 3202, during the period in 
the subsequent field up until the (N-l)th gate scanning voltage becomes VgL to thus 
execute reset, can output an analog gradation voltage corresponding to the held gate 

25 input voltage Va. This output voltage changes depending on the transconductance gmn 
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of the n-type MOS transistor (Qn) 3202 and the value of the resistor RL 3203, however it 
is generally represented by the previously mentioned equation (4). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 

5 crystal as discussed for the conventional technology can be eliminated, and as also 

shown by the liquid crystal light transmittance in FIG. 33, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the liquid crystal display device of the present invention, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 

10 for the n-type MOS transistor (Qn) 3202 which operates as an analog amplifier, and as 
the reset power supply, and resetting of the amplifier is performed by the n-type MOS 
transistor (Qn) 3202 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 

15 efficiency so that a noticeable effect is obtained. 

Moreover, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 3201 and the n-type MOS transistor (Qn) 3202 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal silicon 

20 transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 33 is of course also possible. With the conventional liquid crystal display device, 
the liquid crystal capacitance changes due to the molecules of the TN liquid crystal 
switching, and as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
25 fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
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obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 32, the n-type MOS transistor (Qn) 3202 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
5 Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
fourteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
10 period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
15 occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A fifteenth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 34 is a diagram showing a fifteenth embodiment of a 
20 liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: a p-type MOS transistor (Qp) 
3401 with a gate electrode connected to an Nth scanning line 2705, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first n-type MOS 
transistor (Qnl) 3402 with a gate electrode connected to the other of the source electrode 
25 and the drain electrode of the p-type MOS transistor (Qp) 3401, and one of a source 
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electrode and a drain electrode connected to an (N-l)th scanning line 2704, and the other 
of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the first n-type MOS 
transistor (Qnl) 3402 and a voltage holding capacitor electrode 105; a second n-type 
5 MOS transistor (Qn2) 3403 with a gate electrode connected to a bias power supply VB 
3404, a source electrode connected to the voltage holding capacitor electrode 105, and a 
drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
O Here the p-type MOS transistor (Qp) 3401 and the first and second n-type MOS 

s.i; ;i 

r Jj 10 transistors (Qnl) 3402 and (Qn2) 3403 are constituted by p-SiTFTs. Moreover, the bias 

rSj power supply VB 3404 for supply to the gate electrode of the second n-type MOS 

yg transistor (Qn2) 3403, is set so that a source-drain resistance Rdsn of the second n-type 

G MOS transistor (Qn2) 3403 becomes less than or equal to the value of the resistance 

M component which determines the response time constant of the liquid crystal. That is, 

<f 15 the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in FIG. 60 and FIG. 

62, and the source-drain resistance Rdsn, have the relation shown by the previously 

mentioned equation (5) 

For example, in the case when the resistance Rsn is 5 G Q , then a bias power 

supply VB 3404 such that the source-drain resistance Rdsn does not exceed 1 GQ is 
20 supplied. At this time, the drain current-gate current characteristics of the second n-type 

MOS transistor (Qn2) 3403, and the operating point are the same as shown in FIG. 23. 

That is, with the example in FIG. 23, the gate-source voltage (VB-VCH) of the second n- 

type MOS transistor (Qn2) 3403 is set to around 3V. As a result, when the drain current 

of the second n-type MOS transistor (Qn2) 3403 becomes around 1E-8 (A) and the 
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source-drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1GQ. 
Furthermore, even if the second n-type MOS transistor (Qn2) 3403 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, the 
drain current is approximately constant. The second n-type MOS transistor (Qn2) 3403 
5 is operated as the bias current power supply for the case where the first n-type MOS 
transistor (Qnl) 3402 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
fifteenth embodiment shown in FIG. 34 is the same as the drive method for the liquid 
crystal display device of the fourteenth embodiment explained beforehand with reference 
10 to FIG. 33. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 33. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
15 display device shown in FIG. 34, this can be driven with the same drive method as 
shown in FIG. 33. 

That is to say, if the liquid crystal display device shown in FIG. 34 is used, then 
as with the fourteenth embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
20 gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 34, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the first n-type MOS transistor (Qnl) 3402 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first n- 
25 type MOS transistor (Qnl) 3402 itself. Therefore wiring and circuits such as a power 
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supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 

5 MOS transistor (Qp) 3401 and the first and second n-type MOS transistors (Qnl) 3402 
and (Qn2) 3403 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 

10 fifteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 

15 ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

20 A sixteenth embodiment of the present invention will now be described in detail 

with reference to the figures. FIG. 35 is a diagram showing a sixteenth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: a p-type MOS transistor (Qp) 
3401 with a gate electrode connected to an Nth scanning line 2705, and one of a source 

25 electrode and a drain electrode connected to a signal line 102; a first n-type MOS 
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transistor (Qnl) 3402 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the p-type MOS transistor (Qp) 3401, and one of a source 
electrode and a drain electrode connected to an (N-l)th scanning line 2704, and the other 
of the source electrode and the drain electrode connected to a pixel electrode 107; a 
5 voltage holding capacitor 106 formed between the gate electrode of the first n-type MOS 
transistor (Qnl) 3402 and a voltage holding capacitor electrode 105; a second n-type 
MOS transistor (Qn2) 3403 with a gate electrode connected to the voltage holding 
capacitor electrode 105, a source electrode connected to a source power supply VS 3501, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
10 is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the p-type MOS transistor (Qp) 3401 and the first and second n-type MOS 
transistors (Qnl) 3402 and (Qn2) 3403 are constituted by p-SiTFTs. 

The source power supply VS 3501 for supply to the source electrode of the 
second n-type MOS transistor (Qn2) 3403, is set so that the source-drain resistance Rdsn 
15 of the second n-type MOS transistor (Qn2) 3403 becomes less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsn, have the relation shown by 
the previous equation (5). For example, in the case when the resistance Rsn is 5 G Q , 
20 then a source power supply VS 3501 such that the source-drain resistance Rdsn does not 
exceed 1 G Q is supplied. The operating point for the second n-type MOS transistor 

(Qn2) 3403 is the same as the operating point shown in FIG. 23. That is, with the 
example in the FIG. 23, the gate-source voltage (VCH-VS) of the second n-type MOS 
transistor (Qn2) 3403 is set to around 3V. As a result, when the drain current of the 
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second n-type MOS transistor (Qn2) 3403 becomes around 1E-8 (A) and the source- 
drain voltage Vdsn is 10 V, then the source-drain resistance Rdsn becomes 1GQ. 
Furthermore, even if the second n-type MOS transistor (Qn2) 3403 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, the 
5 drain current is approximately constant. The second n-type MOS transistor (Qn2) 3403 
is operated as the bias current power supply for the case where the first n-type MOS 
transistor (Qnl) 3402 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
JpJ sixteenth embodiment shown in FIG. 35 is the same as the drive method for the liquid 

!S 10 crystal display device of the fourteenth and fifteenth embodiments explained beforehand. 

y| That is, in the case where a high speed liquid crystal such as a ferroelectric liquid crystal 

yy having polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal 

S3 which responds within one field period, is driven, the pixel voltage Vpix and the liquid 

crystal light transmittance are the same as those shown in FIG. 33. Moreover, also in the 
15 case where a TN liquid crystal is driven using the liquid crystal display device shown in 
FIG. 35, this can be driven with the same drive method as shown in FIG. 33. 

That is to say, if the liquid crystal display device shown in FIG. 35 is used, then 
as with the fourteenth and fifteenth embodiments, the fluctuations of the pixel voltage 
Vpix accompanying the response of the liquid crystal can be eliminated, enabling a 
20 desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 35, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the first n-type MOS transistor (Qnl) 3402 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first n- 
25 type MOS transistor (Qnl) 3402 itself. Therefore wiring and circuits such as a power 
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supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 3401 and the first and second n-type MOS transistors (Qnl) 3402 
and (Qn2) 3403 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
sixteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A seventeenth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 36 is a diagram showing a seventeenth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Qp) 3401 with a gate electrode connected to an Nth scanning line 2705, 
and one of a source electrode and a drain electrode connected to a signal line 102; a first 
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n-type MOS transistor (Qnl) 3402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 3401 , and one 
of a source electrode and a drain electrode connected to an (N-l)th scanning line 2704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 3402 and a voltage holding capacitor electrode 105; a 
second n-type MOS transistor (Qn2) 3403 with a gate electrode and source electrode 
connected to the voltage holding capacitor electrode 105, and a drain electrode 
connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the p- 
type MOS transistor (Qp) 3401 and the first and second n-type MOS transistors (Qnl) 

3402 and (Qn2) 3403 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second n- 
type MOS transistor (Qn2) 3403 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsn of the second n-type MOS transistor 
(Qn2) 3403 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsn of the second n-type MOS transistor (Qn2) 3403 satisfies the beforementioned 
equation (5), the threshold value voltage of the second n-type MOS transistor (Qn2) 

3403 is shift controlled to the negative side by channel-dose. At this time, the drain 
current-gate voltage characteristics of the second p-type MOS transistor (Qp2) 1003, and 
the operating point are the same as shown in FIG. 26. That is, as shown in FIG. 26, the 
threshold value voltage is shift controlled to the negative side by channel-dose so that 
when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 (A). 
As a result, when the drain current of the second n-type MOS transistor (Qn2) 3403 
becomes around 1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source- 
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drain resistance Rdsn becomes 1 GQ . Furthermore, even if the second n-type MOS 
transistor (Qn2) 3403 is operated in the weakly inverted region with the source-drain 
voltage Vdsn changing from 2 to 14V, the drain current is approximately constant. The 
second n-type MOS transistor (Qn2) 3403 is operated as the bias current power supply 
for the case where the first n-type MOS transistor (Qnl) 3402 is operated as an analog 
amplifier. 

With the seventh embodiment, the bias power supply VB 3404, and the source 
power supply VS 3501 necessary in the fifteenth and sixteenth embodiments are not 
necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
seventeenth embodiment shown in FIG. 36 is the same as the drive method for the liquid 
crystal display device of the fourteenth through sixteenth embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 33. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 36, this can be driven with the same drive method as 
shown in FIG. 33. 

That is to say, if the liquid crystal display device shown in FIG. 36 is used, then 
as with the fourteenth through sixteenth embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 36, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
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for the first n-type MOS transistor (Qnl) 3402 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first n- 
type MOS transistor (Qnl) 3402 itself. Therefore wiring and circuits such as a power 
supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 

5 result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 3401 and the first and second n-type MOS transistors (Qnl) 3402 
and (Qn2) 3403 were formed from p-SiTFTs. However these may be formed from other 

10 thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
seventh embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 

15 period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 

20 occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

An eighteenth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 37 is a diagram showing an eighteenth 

25 embodiment of a liquid crystal display device of the present invention. As shown in the 
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figure, the liquid crystal display device of the present invention comprises: an n-type 
MOS transistor (Qn) 3701 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a p-type 
MOS transistor (Qp) 3702 with a gate electrode connected to the other of the source 
electrode and the drain electrode of the n-type MOS transistor (Qn) 3701, and one of a 
source electrode and a drain electrode connected to a reset pulse power supply VR 3704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
p-type MOS transistor (Qp) 3702 and a voltage holding capacitor electrode 105; a 
resistor RL 3703 connected between the pixel electrode 107 and the voltage holding 
capacitor electrode 105; and a liquid crystal 109 which is to be switched, disposed 
between the pixel electrode 107 and an opposing electrode 108. Here the n-type MOS 
transistor (Qn) 3701 and the p-type MOS transistor (Qp) 3702 are constituted by p- 
SiTFTs. 

Moreover, the value of the resistor RL 3703, as with the second embodiment, is 
set to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
3703, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 

resistor RL 3703 is set to a value of around 1GQ, A value of 1 G Q which is a large 

resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 
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That is to say, the construction and manufacturing method for the case where the 
resistor RL 3703 is formed from a lightly doped p-type semiconductor thin film (p-) are 
the same as shown in FIG. 4. Moreover, the construction and manufacturing method for 
the case where the resistor RL 3703 is formed from a semiconductor thin film (i layer) 

5 which has not been doped with impurities are the same as shown in FIG. 5. Furthermore, 
the construction and manufacturing method for the case where the resistor RL 3703 is 
formed from an n-type semiconductor thin film (n-) are the same as shown in FIG. 6. In 
the above, the description has been for the case where the resistor RL 3703 shown in FIG. 
37 is formed from a semiconductor thin film or a semiconductor thin film doped with 

10 impurities. However provided the resistance satisfies equation (1), then other materials 
may be employed. 

As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 37. FIG. 38 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 

15 a data signal voltage Vd, a gate voltage Va of the p-type MOS transistor (Qp) 3702, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 37. Here the example is given for when the liquid crystal operates in a 

20 normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the reset pulse voltage VR becomes a 
high level VgH, the pixel electrode 107 attains the reset state due to the gate scanning 
voltage VgH being transferred through the p-type MOS transistor (Qp) 3702. Here as 
described below, the p-type MOS transistor (Qp) 3702 operates as a source follower type 

25 analog amplifier, after the reset pulse voltage VR becomes a low level. However, due to 
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the pixel voltage Vpix becoming VgH in the period where the reset pulse voltage VR is a 
high level, the resetting of the p-type MOS transistor (Qp) 3702 is performed.. 

Then in the period immediately after the period where the reset pulse voltage VR 
becomes a high level VgH, where the gate scanning voltage Vg becomes a high level 
VgH, the n-type MOS transistor (Qn) 3701 comes on, and the data signal Vd input to the 
signal line is transferred to the gate electrode of the p-type MOS transistor (Qp) 3702 
through the n-type MOS transistor (Qn) 3701. When the horizontal scanning period is 
completed and the gate scanning voltage Vg becomes a low level, the n-type MOS 
transistor (Qn) 3701 goes off, and the data signal transferred to the gate electrode of the 
p-type MOS transistor (Qp) 3702 is held by the voltage holding capacitor 105. At this 
time, with the gate input voltage Va of the p-type MOS transistor (Qp) 3702, at the time 
when the n-type MOS transistor (Qn) 3701 goes off, a voltage shift referred to as a feed- 
through voltage occurs through the capacitance between the gate and the source of the 
n-type MOS transistor (Qn) 3701. In FIG. 38 this is shown by Vfl, Vf2 and Vf3. The 
amount of this voltage shift Vfl, Vf2 and Vf3 can be made smaller by designing the 
value for the voltage holding capacitor 105 to be large. The gate input voltage Va of the 
p-type MOS transistor (Qp) 3702 is held until the gate scanning voltage Vg again 
becomes a high level in the subsequent field period and the n-type MOS transistor (Qn) 
3701 is selected. 

On the other hand, the p-type MOS transistor (Qp) 3702, on completion of 
resetting in the reset period where the reset pulse voltage VR becomes a high level, 
operates from the horizontal scanning period and thereafter as a source follower type 
analog amplifier with the pixel electrode 107 as the source electrode. At this time, in 
order to operate the p-type MOS transistor (Qp) 3702 as an analog amplifier, a voltage at 
least higher than (Vdmax-Vtp) is supplied to the voltage holding capacitor electrode 105. 
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Here Vdmax is the maximum value of the data signal voltage Vd, while Vtp is the 
threshold value voltage of the p-type MOS transistor (Qp) 3702. The p-type MOS 
transistor (Qp) 3702, during the period until the reset pulse voltage VR in the next field 
becomes VgH to thus execute reset, can output an analog gradation voltage 
5 corresponding to the held gate input voltage Va. This output voltage changes depending 
on the transconductance gmp of the p-type MOS transistor (Qp) 3702 and the value of 
the resistor RL 3703, however it is generally represented by the previously mentioned 
equation (2). 

By using the liquid crystal display device of the present invention as described 
10 above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
shown by the liquid crystal light transmittance in FIG. 38, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
15 horizontal scanning period. However, it is also possible to drive such that the reset 

period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the p-type MOS transistor (Qp) 3702 are performed at 
the same time. 

Moreover, with the liquid crystal display device of the present invention, the 
20 construction is such that resetting of the p-type MOS transistor (Qp) 3702 which 

operates as an analog amplifier is performed by the p-type MOS transistor (Qp) 3702 
itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
25 obtained. 
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Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the second and tenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 3701 and the p-type MOS transistor (Qp) 3702 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal silicon 
transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 38 is of course also possible. With the conventional liquid crystal display device, 
the liquid crystal capacitance changes due to the molecules of the TN liquid crystal 
switching, and as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 37, the p-type MOS transistor (Qp) 3702 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
eighteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
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crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A nineteenth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 39 is a diagram showing a nineteenth embodiment of 
a liquid ciystal display device of the present invention. As shown in the figure, the 
liquid crystal display device of the present invention comprises: an n-type MOS 
transistor (Qn) 3901 with a gate electrode connected to a scanning line 101, and one of a 
source electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 3902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 3901, and one of a source 
electrode and a drain electrode connected to a reset pulse power supply VR 3704, and 
the other of the source electrode and the drain electrode connected to a pixel electrode 
107; a voltage holding capacitor 106 formed between the gate electrode of the first p- 
type MOS transistor (Qpl) 3902 and a voltage holding capacitor electrode 105; a second 
p-type MOS transistor (Qp2) 3903 with a gate electrode connected to a bias power 
supply VB 3904, a source electrode connected to the voltage holding capacitor electrode 
105, and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 
which is to be switched, disposed between the pixel electrode 107 and an opposing 
electrode 108. Here the n-type MOS transistor (Qn) 3901 and the first and second p-type 
MOS transistors (Qpl) 3902 and (Qp2) 3903 are constituted by p-SiTFTs. Moreover, 
the bias power supply VB 3904 for supply to the gate electrode of the second p-type 



-116- 

MOS transistor (Qp2) 3903, is set so that a source-drain resistance Rdsp of the second p- 
type MOS transistor (Qp2) 3903 becomes less than or equal to the value of the resistance 
component which determines the response time constant of the liquid crystal. That is, 
the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in FIG. 60 and FIG. 
62, and the source-drain resistance Rdsp, have the relation shown by the previously 
mentioned equation (3). 

For example, in the case when the resistance Rsp is 5 GQ , then a bias power 

supply VB 3904 such that the source-drain resistance Rdsp does not exceed 1 GQ is 
supplied. At this time, the drain current-gate current characteristics of the second p-type 
MOS transistor (Op2) 3903, and the operating point are the same as shown in FIG. 11. 
That is, with the example in FIG. 11, the gate-source voltage (VB-VCH) of the second p- 
type MOS transistor (Qp2) 3903 is set to around -3V. As a result, when the drain current 
of the second p-type MOS transistor (Qp2) 3903 becomes around 1E-8 (A) and the 
source-drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 GQ . 
Furthermore, even if the second p-type MOS transistor (Qp2) 3903 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 3903 
is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 3902 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
nineteenth embodiment shown in FIG. 39 is the same as the drive method for the liquid 
crystal display device of the eighteenth embodiment shown beforehand with reference to 
FIG. 38. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
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liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 38. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 39, this can be driven with the same drive method as 
5 shown in FIG. 38. 

That is to say, if the liquid crystal display device shown in FIG. 39 is used, then 
as with the eighteenth embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 
10 Furthermore, with the above drive method, the reset period is provided before the 

horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first p-type MOS transistor (Qp) 3902 are performed 
at the same time. 

15 Moreover, with the liquid crystal display device shown in FIG. 39, the 

construction is such that resetting of the first p-type MOS transistor (Qpl) 3902 which 
operates as an analog amplifier, is performed by the first p-type MOS transistor (Qpl) 
3902 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 

20 area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the third and eleventh 
embodiments, this has the advantage that the delay of the scanning pulse signal 
25 accompanying resetting of the amplifier can be eliminated. 
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Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 3902 
and (Qp2) 3903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
5 from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
nineteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
O period to perform color display, good color reproduction and high gradation display can 

W 10 be realized. This is because of the characteristic that even in the case where the liquid 

crystal display device of the present invention drives a high speed liquid crystal such as a 
L £ ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 

O OCB mode liquid crystal which responds within one field period, fluctuations do not 

M occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 

yo 15 desired gradation display can be performed for each one field (one frame) period. At this 

time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twentieth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 40 is a diagram showing a twentieth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
20 crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
3901 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 3902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 3901, and one of a source 
25 electrode and a drain electrode connected to a reset pulse power supply VR 3704, and 
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the other of the source electrode and the drain electrode connected to a pixel electrode 
107; a voltage holding capacitor 106 formed between the gate electrode of the first p- 
type MOS transistor (Qpl) 3902 and a voltage holding capacitor electrode 105; a second 
p-type MOS transistor (Qp2) 3903 with a gate electrode connected to the voltage holding 
capacitor electrode 105, a source electrode connected to a source power supply VS 4001, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the n-type MOS transistor (Qn) 3901 and the first and second p-type MOS 
transistors (Qpl) 3902 and (Qp2) 3903 are constituted by p-SiTFTs. 

Moreover, the source power supply VS 4001 for supply to the gate electrode of 
the second p-type MOS transistor (Qp2) 3903, is set so that a source-drain resistance 
Rdsp of the second p-type MOS transistor (Qp2) 3903 becomes less than or equal to the 
value of the resistance component which determines the response time constant of the 
liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit 
shown in FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation 
shown by the previously mentioned equation (3). For example, in the case when the 
resistance Rsp is 5 G Q , then a source power supply VS 4001 such that the source-drain 
resistance Rdsp does not exceed 1 GQ is supplied. The operating point for the second 
p-type MOS transistor (Qp2) 3903 is the same as the beforementioned operating point 
shown in FIG. 11. That is, with the example in FIG. 11, the gate-source voltage (VCH- 
VS) of the second p-type MOS transistor (Qp2) 3903 is set to around -3 V. As a result, 
when the drain current of the second p-type MOS transistor (Qp2) 3903 becomes around 
1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source-drain resistance 
Rdsp becomes 1 GQ . Furthermore, even if the second p-type MOS transistor (Qp2) 
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3903 is operated in the weakly inverted region with the source-drain voltage Vdsp 
changing from -2 to -14V, the drain current is approximately constant. The second p- 
type MOS transistor (Qp2) 3903 is operated as the bias current power supply for the case 
where the first p-type MOS transistor (Qpl) 3902 is operated as an analog amplifier. 
5 The above described drive method for the liquid crystal display device of the 

twentieth embodiment shown in FIG. 40 is the same as the drive method for the liquid 
crystal display device of the eighteenth and nineteenth embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
10 liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 38. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 40, this can be driven with the same drive method as 
shown in FIG. 38. 

15 That is to say, if the liquid crystal display device shown in FIG. 40 is used, then 

as with the eighteenth and nineteenth embodiments, the fluctuations of the pixel voltage 
Vpix accompanying the response of the liquid crystal can be eliminated, enabling a 
desired gradation to be obtained for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 

20 horizontal scanning period. However, it is also possible to drive such that the reset 

period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first p-type MOS transistor (Qpl) 3902 are 
performed at the same time. 

Moreover, with the liquid crystal display device shown in FIG. 40, the 

25 construction is such that resetting of the first p-type MOS transistor (Qpl) 3902 which 
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operates as an analog amplifier, is performed by the first p-type MOS transistor (Qpl) 
3902 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
5 obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the fourth and twelfth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 
10 Moreover, with the abovementioned embodiment, it was noted that the n-type 

MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 3902 
and (Qp2) 3903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 
15 When the above described liquid crystal display device and drive method of the 

twentieth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
20 crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
25 time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 
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A twenty first embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 41 is a diagram showing a twenty first 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: an n-type 
5 MOS transistor (Qn) 3901 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first p- 
type MOS transistor (Qpl) 3902 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor (Qn) 3901, and one 
of a source electrode and a drain electrode connected to a reset pulse power supply VR 
10 3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first p-type MOS transistor (Qpl) 3902 and a voltage holding capacitor electrode 105; a 
second p-type MOS transistor (Qp2) 3903 with a gate electrode and a source electrode 
connected to the voltage holding capacitor electrode 105, and a drain electrode 
15 connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the n- 
type MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 
3902 and (Qp2) 3903 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second p- 
20 type MOS transistor (Qp2) 3903 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsp of the second p-type MOS transistor 
(Qp2) 3903 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsp of the second p-type MOS transistor (Qp2) 3903 satisfies the beforementioned 
equation (3), the threshold value voltage of the second p-type MOS transistor (Qp2) 
25 3903 is shift controlled to the positive side by channel-dose. At this time, the drain 



v 



-123- 

current-gate current characteristics of the second p-type MOS transistor (Qp2) 3903, and 
the operating point are the same as shown in FIG. 14. That is, with the example in FIG. 
14, the threshold value voltage is shift controlled to the positive side by channel-dose so 
that when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 

5 (A). As a result, when the drain current of the second p-type MOS transistor (Qp2) 3903 
becomes around 1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source- 
drain resistance Rdsp becomes 1 G Q . Furthermore, even if the second p-type MOS 
transistor (Qp2) 3903 is operated in the weakly inverted region with the source-drain 
voltage Vdsp changing from -2 to -14V, the drain current is approximately constant. 

10 The second p-type MOS transistor (Qp2) 3903 is operated as the bias current power 
supply for the case where the first p-type MOS transistor (Qpl) 3902 is operated as an 
analog amplifier. 

With the twenty first embodiment, the bias power supply VB 3904, and the 
source power supply VS 4001 necessary in the nineteenth and twentieth embodiments 

15 are not necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
twenty first embodiment shown in FIG. 41 is the same as the drive method for the liquid 
crystal display device of the eighteenth through twentieth embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 

20 liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 38. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 41, this can be driven with the same drive method as 

25 shown in FIG. 38. 
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That is to say, if the liquid crystal display device shown in FIG. 41 is used, then 
as with the eighteenth through twentieth embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

5 Furthermore, with the above drive method, the reset period is provided before the 

horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first p-type MOS transistor (Qpl) 3902 are 
performed at the same time. 

10 Moreover, with the liquid crystal display device shown in FIG. 41, the 

construction is such that resetting of the first p-type MOS transistor (Qpl) 3902 which 
operates as an analog amplifier, is performed by the first p-type MOS transistor (Qpl) 
3902 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 

15 area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the fifth and thirteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
20 accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 3902 
and (Qp2) 3903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
25 from single crystal silicon transistors . 
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When the above described liquid crystal display device and drive method of the 
twenty first embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
5 be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
10 desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twenty second embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 42 is a diagram showing a twenty second 
embodiment of a liquid crystal display device of the present invention. As shown in the 
15 figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Qp) 4201 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; an n-type 
MOS transistor (Qn) 4202 with a gate electrode connected to the other of the source 
electrode and the drain electrode of the p-type MOS transistor (Qp) 4201, and one of a 
20 source electrode and a drain electrode connected to a reset pulse power supply VR 3704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
n-type MOS transistor (Qn) 4202 and a voltage holding capacitor electrode 105; a 
resistor RL4203 connected between the pixel electrode 107 and the voltage holding 
25 capacitor electrode 105; and a liquid crystal 109 which is to be switched, disposed 
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between the pixel electrode 107 and an opposing electrode 108. Here the p-type MOS 
transistor (Qp) 4201 and the n-type MOS transistor (Qn) 4202 are constituted by p- 
SiTFTs. 

Moreover, the value of the resistor RL 4203, as with the sixth embodiment, is set 
to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
4203, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 4203 is set to a value of around 1 G Q . A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 

That is to say, the construction and manufacturing method for the case where the 
resistor RL 4203 is formed from a lightly doped n-type semiconductor thin film (n-) are 
the same as shown in FIG. 16. Moreover, the construction and manufacturing method 
for the case where the resistor RL 4203 is formed from a semiconductor thin film (i 
layer) which has not been doped with impurities are the same as shown in FIG. 17. 
Furthermore, the construction and manufacturing method for the case where the resistor 
RL 4203 is formed from a lightly doped p-type semiconductor thin film (p-) are the same 
as shown in FIG. 18. In the above, the description has been for the case where the 
resistor RL 4203 shown in FIG. 42 is formed from a semiconductor thin film or a 
semiconductor thin film doped with impurities. However provided the resistance 
satisfies equation (1), then other materials may be employed. 
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As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 42. FIG. 43 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
a data signal voltage Vd, a gate voltage Va of the n-type MOS transistor (Qn) 4202, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 42. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the reset pulse voltage VR becomes a 
low level VgL, the pixel electrode 107 attains the reset state due to the gate scanning 
voltage VgL being transferred through the n-type MOS transistor (Qn) 4202. Here as 
described below, the n-type MOS transistor (Qn) 4202 operates as a source follower type 
analog amplifier, after the reset pulse voltage VR becomes a high level. However, due 
to the pixel voltage Vpix becoming VgL in the period where the reset pulse voltage VR 
is a low level, the resetting of the n-type MOS transistor (Qn) 4202 is performed. 

Then in the period immediately after the period where the reset pulse voltage VR 
becomes a low level VgL, where the gate scanning voltage Vg becomes a low level VgL, 
the p-type MOS transistor (Qp) 4201 comes on, and the data signal Vd input to the 
signal line is transferred to the gate electrode of the n-type MOS transistor (Qn) 4202 
through the p-type MOS transistor (Qp) 4201. When the horizontal scanning period is 
completed and the gate scanning voltage Vg becomes a high level, the p-type MOS 
transistor (Qp) 4201 goes off, and the data signal transferred to the gate electrode of the 
n-type MOS transistor (Qn) 4202 is held by the voltage holding capacitor 105. At this 
time, with the gate input voltage Va of the n-type MOS transistor (Qn) 4202, at the time 
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when the p-type MOS transistor (Qp) 4201 goes off, a voltage shift referred to as a feed- 
through voltage occurs through the capacitance between the gate and the source of the 
p-type MOS transistor (Qp) 4201. In FIG. 43 this is shown by Vfl, Vf2 and Vf3. The 
amount of this voltage shift Vfl, Vf2 and Vf3 can be made smaller by designing the 
5 value for the voltage holding capacitor 105 to be large. The gate input voltage Va of the 
n-type MOS transistor (Qn) 4202 is held until the gate scanning voltage Vg again 
becomes a low level in the subsequent field period and the p-type MOS transistor (Qp) 
4201 is selected. 

On the other hand, the n-type MOS transistor (Qn) 4202, on completion of 
10 resetting in the reset period where the reset pulse voltage VR becomes a low level VgL, 
operates from the horizontal scanning period and thereafter as a source follower type 
analog amplifier with the pixel electrode 107 as the source electrode. At this time, in 
order to operate the n-type MOS transistor (Qn) 4202 as an analog amplifier, a voltage at 
least lower than (Vdmin-Vtn) is supplied to the voltage holding capacitor electrode 105. 
15 Here Vdmin is the minimum value of the data signal voltage Vd, while Vtn is the 
threshold value voltage of the n-type MOS transistor (Qn) 4202. The n-type MOS 
transistor (Qn) 4202, during the period until the reset pulse voltage VR in the next field 
becomes VgL to thus execute reset, can output an analog gradation voltage 
corresponding to the held gate input voltage Va. This output voltage changes depending 
20 on the transconductance gmn of the n-type MOS transistor (Qn) 4202 and the value of 
the resistor RL 4203, however it is generally represented by the previously mentioned 
equation (4). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
25 crystal as discussed for the conventional technology can be eliminated, and as also 
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shown by the liquid crystal light transmittance in FIG. 43, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the n-type MOS transistor (Qn) 4202 are performed at 
the same time. 

Moreover, with the liquid crystal display device of the present invention, the 
construction is such that resetting of the n-type MOS transistor (Qn) 4202 which 
operates as an analog amplifier is performed by the n-type MOS transistor (Qn) 4202 
itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the sixth and fourteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 4201 and the n-type MOS transistor (Qn) 4202 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal silicon 
transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 43 is of course also possible. With the conventional liquid crystal display device, 
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the liquid crystal capacitance changes due to the molecules of the TN liquid crystal 
switching, and as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 42, the n-type MOS transistor (Qn) 4202 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
twenty second embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A twenty third embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 44 is a diagram showing a twenty third 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
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MOS transistor (Qp) 4401 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first n- 
type MOS transistor (Qnl) 4402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 4401, and one 
5 of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 4402 and a voltage holding capacitor electrode 105; a 
second n-type MOS transistor (Qn2) 4403 with a gate electrode connected to a bias 
10 power supply VB 4404, a source electrode connected to the voltage holding capacitor 
electrode 105, and a drain electrode connected to the pixel electrode 107; and a liquid 
crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 
opposing electrode 108. Here the p-type MOS transistor (Qp) 4401 and the first and 
second n-type MOS transistors (Qnl) 4402 and (Qn2) 4403 are constituted by p-SiTFTs. 
15 Moreover, the bias power supply VB 4404 for supply to the gate electrode of the second 
n-type MOS transistor (Qn2) 4403, is set so that a source-drain resistance Rdsn of the 
second n-type MOS transistor (Qn2) 4403 becomes less than or equal to the value of the 
resistance component which determines the response time constant of the liquid crystal. 
That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in FIG. 60 
20 and FIG. 62, and the source-drain resistance Rdsn, have the relation shown by the 
previously mentioned equation (5). 

For example, in the case when the resistance Rsp is 5 G Q , then a bias power 
supply VB 4404 such that the source-drain resistance Rdsn does not exceed 1 G □ is 
supplied. At this time, the drain current-gate current characteristics of the second n-type 
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MOS transistor (Qn2) 4403, and the operating point are the same as shown in FIG. 23. 
That is, with the example in FIG. 23, the gate-source voltage (VB-VCH) of the second n- 
type MOS transistor (Qn2) 4403 is set to around 3V. As a result, when the drain current 
of the second n-type MOS transistor (Qn2) 4403 becomes around 1E-8 (A) and the 
source-drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1 G Q . 
Furthermore, even if the second n-type MOS transistor (Qn2) 4403 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, the 
drain current is approximately constant. The second n-type MOS transistor (Qn2) 4403 
is operated as the bias current power supply for the case where the first n-type MOS 
transistor (Qnl) 4402 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
twenty third embodiment shown in FIG. 44 is the same as the drive method for the liquid 
crystal display device of the twenty second embodiment shown beforehand with 
reference to FIG. 43. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 43. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
crystal display device shown in FIG. 44, this can be driven with the same drive method 
as shown in FIG. 43. 

That is to say, if the liquid crystal display device shown in FIG. 44 is used, then 
as with the twenty second embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 
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Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first n-type MOS transistor (Qnl) 4402 are 
5 performed at the same time. 

Moreover, with the liquid crystal display device shown in FIG. 44, the 
construction is such that resetting of the first n-type MOS transistor (Qnl) 4402 which 
operates as an analog amplifier, is performed by the first n-type MOS transistor (Qnl) 
4402 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
10 become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR 3704 is provided separately, 
then compared to the liquid crystal display device described in the seventh and fifteenth 
15 embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the p~type 
MOS transistor (Qp) 4401 and the first and second n-type MOS transistors (Qnl) 4402 
and (Qn2) 4403 were formed from p-SiTFTs. However these may be formed from other 
20 thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty third embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
25 period to perform color display, good color reproduction and high gradation display can 
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be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twenty fourth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 45 is a diagram showing a twenty fourth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Qp) 4401 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first n- 
type MOS transistor (Qnl) 4402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 4401, and one 
of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 4402 and a voltage holding capacitor electrode 105; a 
second n-type MOS transistor (Qn2) 4403 with a gate electrode connected to the voltage 
holding capacitor electrode 105, a source electrode connected to a source power supply 
VS 4501, and a drain electrode connected to the pixel electrode 107; and a liquid crystal 
109 which is to be switched, disposed between the pixel electrode 107 and an opposing 
electrode 108. Here the p-type MOS transistor (Qp) 4401 and the first and second n-type 
MOS transistors (Qnl) 4402 and (Qn2) 4403 are constituted by p-SiTFTs. 
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Moreover, the source power supply VS 4501 for supply to the gate electrode of 
the second n-type MOS transistor (Qn2) 4403, is set so that a source-drain resistance 
Rdsn of the second n-type MOS transistor (Qn2) 4403 becomes less than or equal to the 
value of the resistance component which determines the response time constant of the 
liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit 
shown in FIG. 60 and FIG. 62, and the source-drain resistance Rdsn, have the relation 
shown by the previously mentioned equation (5). For example, in the case when the 
resistance Rsp is 5 G Q , then a source power supply VS 4501 such that the source-drain 

resistance Rdsn does not exceed 1 GQ is supplied. The operating point for the second 
n-type MOS transistor (Qn2) 4403 is the same as the beforementioned operating point 
shown in FIG. 23. That is, with the example in FIG. 23, the gate-source voltage (VCH- 
VS) of the second n-type MOS transistor (Qn2) 4403 is set to around 3V. As a result, 
when the drain current of the second n-type MOS transistor (Qn2) 4403 becomes around 
1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source-drain resistance 
Rdsn becomes 1 G Q . Furthermore, even if the second n-type MOS transistor (Qn2) 
4403 is operated in the weakly inverted region with the source-drain voltage Vdsn 
changing from 2 to 14V, the drain current is approximately constant. The second n-type 
MOS transistor (Qn2) 4403 is operated as the bias current power supply for the case 
where the first n-type MOS transistor (Qnl) 4402 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
twenty fourth embodiment shown in FIG. 45 is the same as the drive method for the 
liquid crystal display device of the twenty second and twenty third embodiments 
explained beforehand. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
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OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 43. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
crystal display device shown in FIG. 45, this can be driven with the same drive method 
5 as shown in FIG. 43. 

That is to say, if the liquid crystal display device shown in FIG. 45 is used, then 
as with the twenty second and twenty third embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

10 Furthermore, with the above drive method, the reset period is provided before the 

horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first n-type MOS transistor (Qnl) 4402 are 
performed at the same time. 

15 Moreover, with the liquid crystal display device shown in FIG. 45, the 

construction is such that resetting of the first n-type MOS transistor (Qnl) 4402 which 
operates as an analog amplifier, is performed by the first n-type MOS transistor (Qnl) 
4402 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 

20 area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the eighth and sixteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
25 accompanying resetting of the amplifier can be eliminated. 
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Moreover, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 4401 and the first and second n-type MOS transistors (Qnl) 4402 
and (Qn2) 4403 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty fourth embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A twenty fifth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 46 is a diagram showing a twenty fifth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Qp) 4401 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first n- 
type MOS transistor (Qnl) 4402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 4401, and one 
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of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 4402 and a voltage holding capacitor electrode 105; a 
5 second n-type MOS transistor (Qn2) 4403 with a gate electrode and a source electrode 
connected to the voltage holding capacitor electrode 105, and a drain electrode 
connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the p- 
type MOS transistor (Qp) 4401 and the first and second n-type MOS transistors (Qnl) 
10 4402 and (Qn2) 4403 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second n- 
type MOS transistor (Qn2) 4403 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsn of the second n-type MOS transistor 
(Qn2) 4403 becomes 0V. Under this bias condition, so that the source-drain resistance 
15 Rdsn of the second n-type MOS transistor (Qn2) 4403 satisfies the beforementioned 
equation (5), the threshold value voltage of the second n-type MOS transistor (Qn2) 
4403 is shift controlled to the negative side by channel-dose. At this time, the drain 
current-gate current characteristics of the second n-type MOS transistor (Qn2) 4403, and 
the operating point are the same as shown in FIG. 26. That is, with the example in FIG. 
20 26, the threshold value voltage is shift controlled to the negative side by channel-dose so 
that when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 
(A). As a result, when the drain current of the second n-type MOS transistor (Qn2) 4403 
becomes around 1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source- 
drain resistance Rdsn becomes 1 G Q . Furthermore, even if the second n-type MOS 
25 transistor (Qn2) 4403 is operated in the weakly inverted region with the source-drain 
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voltage Vdsn changing from 2 to 14V, the drain current is approximately constant. The 
second n-type MOS transistor (Qn2) 4403 is operated as the bias current power supply 
for the case where the first n-type MOS transistor (Qnl) 4402 is operated as an analog 
amplifier. 

5 With the twenty fifth embodiment, the bias power supply VB 4404, and the 

source power supply VS 4501 necessary in the twenty third and twenty fourth 
embodiments are not necessary. However a channel-dose forming step is additionally 
required. 

The above described drive method for the liquid crystal display device of the 

10 twenty fifth embodiment shown in FIG. 46 is the same as the drive method for the liquid 
crystal display device of the twenty second through twenty fourth embodiments 
explained beforehand. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 

15 voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 43. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
crystal display device shown in FIG. 46, this can be driven with the same drive method 
as shown in FIG. 43. 

That is to say, if the liquid crystal display device shown in FIG. 46 is used, then 

20 as with the twenty second through twenty fourth embodiments, the fluctuations of the 
pixel voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 

25 period and the horizontal scanning period have the same timing. In this case, selection 
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of the pixel and the resetting of the first n-type MOS transistor (Qnl) 4402 are 
performed at the same time. 

Moreover, with the liquid crystal display device shown in FIG. 46, the 
construction is such that resetting of the first n-type MOS transistor (Qnl) 4402 which 
operates as an analog amplifier, is performed by the first n-type MOS transistor (Qnl) 
4402 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 4401 and the first and second n-type MOS transistors (Qnl) 4402 
and (Qn2) 4403 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty fifth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 
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A twenty sixth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 47 is a diagram showing a twenty sixth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first n-type 
MOS transistor (Qnl) 4701 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
n-type MOS transistor (Qn2) 4702 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first n-type MOS transistor (Qnl) 4701, 
and one of a source electrode and a drain electrode connected to a reset pulse power 
supply VR 3704, and the other of the source electrode and the drain electrode connected 
to a pixel electrode 107; a voltage holding capacitor 106 formed between the gate 
electrode of the second n-type MOS transistor (Qn2) 4702 and a voltage holding 
capacitor electrode 105; a resistor RL 4703 connected between the pixel electrode 107 
and the voltage holding capacitor electrode 105; and a liquid crystal 109 which is to be 
switched, disposed between the pixel electrode 107 and an opposing electrode 108. Here 
the first and second n-type MOS transistors (Qnl) 4701 and (Qn2) 4702 are constituted 
by p-SiTFTs. 

Moreover, the value of the resistor RL 4703, as with the sixth embodiment, is set 
to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
4703, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 4703 is set to a value of around 1 G Q . A value of 1 G Q which is a large 
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resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 

That is to say, the construction and manufacturing method for the case where the 

5 resistor RL 4703 is formed from a lightly doped n-type semiconductor thin film (n-) are 
the same as shown in FIG. 16. Moreover, the construction and manufacturing method 
for the case where the resistor RL 4703 is formed from a semiconductor thin film (i 
layer) which has not been doped with impurities are the same as shown in FIG. 17. 
Furthermore, the construction and manufacturing method for the case where the resistor 

10 RL 4703 is formed from a lightly doped p-type semiconductor thin film (p-) are the same 
as shown in FIG. 18. In the above, the description has been for the case where the 
resistor RL 4703 shown in FIG. 47 is formed from a semiconductor thin film or a 
semiconductor thin film doped with impurities. However provided the resistance 
satisfies equation (1), then other materials may be employed. 

15 As follows is a description of the drive method for the liquid crystal display 

device using the pixel construction shown in FIG. 47. FIG. 48 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
a data signal voltage Vd, a gate voltage Va of the second n-type MOS transistor (Qn2) 
4702, and a pixel voltage Vpix, for the case where a high speed liquid crystal such as a 

20 ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven by the pixel 
construction shown in FIG. 47. Here the example is given for when the liquid crystal 
operates in a normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the reset pulse voltage VR becomes a 

25 low level VgL, the pixel electrode 107 attains the reset state due to the gate scanning 
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voltage VgL being transferred through the second n-type MOS transistor (Qn2) 4702. 
Here as described below, the second n-type MOS transistor (Qn2) 4702 operates as a 
source follower type analog amplifier, after the reset pulse voltage VR becomes a high 
level. However, due to the pixel voltage Vpix becoming VgL in the period where the 
reset pulse voltage VR is a low level, the resetting of the second n-type MOS transistor 
(Qn2) 4702 is performed. 

Then in the period immediately after the period where the reset pulse voltage VR 
becomes a low level VgL, where the gate scanning voltage Vg becomes a high level 
VgH, the first n-type MOS transistor (Qnl) 4701 comes on, and the data signal Vd input 
to the signal line is transferred to the gate electrode of the second n-type MOS transistor 
(Qn2) 4702 through the first n-type MOS transistor (Qnl) 4701. When the horizontal 
scanning period is completed and the gate scanning voltage Vg becomes a low level, the 
first n-type MOS transistor (Qnl) 4701 goes off, and the data signal transferred to the 
gate electrode of the second n-type MOS transistor (Qn2) 4702 is held by the voltage 
holding capacitor 105. At this time, with the gate input voltage Va of the second n-type 
MOS transistor (Qn2) 4702, at the time when the first n-type MOS transistor (Qnl) 4701 
goes off, a voltage shift referred to as a feed-through voltage occurs through the 
capacitance between the gate and the source of the first n-type MOS transistor (Qnl) 
4701. In FIG. 48 this is shown by Vfl, Vf2 and Vf3. The amount of this voltage shift 
Vfl, Vf2 and Vf3 can be made smaller by designing the value for the voltage holding 
capacitor 105 to be large. The gate input voltage Va of the second n-type MOS 
transistor (Qn2) 4702 is held until the gate scanning voltage Vg again becomes a low 
level in the subsequent field period and the first n-type MOS transistor (Qnl) 4701 is 
selected. 
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On the other hand, the second n-type MOS transistor (Qn2) 4702, on completion 
of resetting in the reset period where the reset pulse voltage VR becomes a low level 
VgL, operates from the horizontal scanning period and thereafter as a source follower 
type analog amplifier with the pixel electrode 107 as the source electrode. At this time, 
in order to operate the second n-type MOS transistor (Qn2) 4702 as an analog amplifier, 
a voltage at least lower than (Vdmin-Vtn) is supplied to the voltage holding capacitor 
electrode 105. Here Vdmin is the minimum value of the data signal voltage Vd, while 
Vtn is the threshold value voltage of the second n-type MOS transistor (Qn2) 4702. The 
second n-type MOS transistor (Qn2) 4702, during the period until the reset pulse voltage 
VR in the next field becomes VgL to thus execute reset, can output an analog gradation 
voltage corresponding to the held gate input voltage Va. This output voltage changes 
depending on the transconductance gmn of the second n-type MOS transistor (Qn2) 
4702 and the value of the resistor RL 4703, however it is generally represented by the 
previously mentioned equation (4). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
shown by the liquid crystal light transmittance in FIG. 48, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the second n-type MOS transistor (Qn2) 4702 are 
performed at the same time. The timing chart for this case is shown in FIG. 49. 
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Moreover, with the liquid crystal display device of the present invention, the 
construction is such that resetting of the second n-type MOS transistor (Qn2) 4702 
which operates as an analog amplifier is performed by the second n-type MOS transistor 
(Qn2) 4702 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the second and tenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from an 
n-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first n- 
type MOS transistor (Qnl) 4701 and the second n-type MOS transistor (Qn2) 4702 were 
formed from p-SiTFTs. However these may be formed from other thin film transistors 
such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal 
silicon transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 48 and FIG. 49 is of course also possible. With the conventional liquid crystal 
display device, the liquid crystal capacitance changes due to the molecules of the TN 
liquid crystal switching, and as shown in the beforementioned FIG. 61, the pixel voltage 
Vpix fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
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invention shown in FIG. 47, the second n-type MOS transistor (Qn2) 4702 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
5 display can be performed. 

When the above described liquid crystal display device and drive method of the 
twenty sixth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
10 be realized. This is because of the characteristic that even in the case where the liquid 

crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
15 desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twenty seventh embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 50 is a diagram showing a twenty seventh 
embodiment of a liquid crystal display device of the present invention. As shown in the 
20 figure, the liquid crystal display device of the present invention comprises: a first n-type 
MOS transistor (Qnl) 5001 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
n-type MOS transistor (Qn2) 5002 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first n-type MOS transistor (Qnl) 5001, 
25 and one of a source electrode and a drain electrode connected to a reset pulse power 
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supply VR 3704, and the other of the source electrode and the drain electrode connected 
to a pixel electrode 107; a voltage holding capacitor 106 formed between the gate 
electrode of the second n-type MOS transistor (Qn2) 5002 and a voltage holding 
capacitor electrode 105; a third n-type MOS transistor (Qn3) 5003 with a gate electrode 

5 connected to a bias power supply VB 5004, a source electrode connected to the voltage 
holding capacitor electrode 105, and a drain electrode connected to the pixel electrode 
107; and a liquid crystal 109 which is to be switched, disposed between the pixel 
electrode 107 and an opposing electrode 108. Here the first n-type MOS transistor (Qnl) 
5001 and the second and third n-type MOS transistors (Qn2) 5002 and (Qn3) 5003 are 

10 constituted by p-SiTFTs. Moreover, the bias power supply VB 5004 for supply to the 

gate electrode of the third n-type MOS transistor (Qn3) 5003, is set so that a source-drain 
resistance Rdsn of the third n-type MOS transistor (Qn3) 5003 becomes less than or 
equal to the value of the resistance component which determines the response time 
constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal 

15 equivalent circuit shown in FIG. 60 and FIG. 62, and the source-drain resistance Rdsn, 
have the relation shown by the previously mentioned equation (5). 

For example, in the case when the resistance Rsp is 5 GQ , then a bias power 

supply VB 5004 such that the source-drain resistance Rdsn does not exceed 1 GQ is 
supplied. At this time, the drain current-gate current characteristics of the third n-type 
20 MOS transistor (Qn3) 5003, and the operating point are the same as shown in FIG. 23. 
That is, with the example in FIG. 23, the gate-source voltage (VB-VCH) of the third n- 
type MOS transistor (Qn3) 5003 is set to around 3V. As a result, when the drain current 
of the third n-type MOS transistor (Qn3) 5003 becomes around 1E-8 (A) and the source- 
drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1 GQ . 
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Furthermore, even if the third n-type MOS transistor (Qn3) 5003 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14 V, the 
drain current is approximately constant. The third n-type MOS transistor (Qn3) 5003 is 
operated as the bias current power supply for the case where the second n-type MOS 
transistor (Qn2) 5002 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
twenty seventh embodiment shown in FIG. 50 is the same as the drive method for the 
liquid crystal display device of the twenty sixth embodiment shown beforehand with 
reference to FIG. 48 and FIG. 49. That is, in the case where a high speed liquid crystal 
such as a ferroelectric liquid crystal having polarization, an antiferroelectric liquid 
crystal, or an OCB mode liquid crystal which responds within one field period, is driven, 
the pixel voltage Vpix and the liquid crystal light transmittance are the same as those 
shown in FIG. 48 and FIG. 49. Moreover, also in the case where a TN liquid crystal is 
driven using the liquid crystal display device shown in FIG. 50, this can be driven with 
the same drive method as shown in FIG. 48 and FIG. 49. 

That is to say, if the liquid crystal display device shown in FIG. 50 is used, then 
as with the twenty sixth embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 50, the 
construction is such that resetting of the second n-type MOS transistor (Qn2) 5002 
which operates as an analog amplifier, is performed by the second n-type MOS transistor 
(Qn2) 5002 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
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smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR 3704 is provided separately, 
then compared to the liquid crystal display device described in the third and eleventh 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from an 
n-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first n- 
type MOS transistor (Qnl) 5001 and the second and third n-type MOS transistors (Qn2) 
5002 and (Qn3) 5003 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty seventh embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 
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frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A twenty eighth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 51 is a diagram showing a twenty eighth 
5 embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first n-type 
MOS transistor (Qnl) 5001 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
5 n-type MOS transistor (Qn2) 5002 with a gate electrode connected to the other of the 

% 10 source electrode and the drain electrode of the first n-type MOS transistor (Qnl) 5001, 

;: 

ITS and one of a source electrode and a drain electrode connected to a reset pulse power 

m supply VR 3704, and the other of the source electrode and the drain electrode connected 

S' 

O to a pixel electrode 107; a voltage holding capacitor 106 formed between the gate 

M= electrode of the second n-type MOS transistor (Qn2) 5002 and a voltage holding 

* 15 capacitor electrode 105; a third n-type MOS transistor (Qn3) 5003 with a gate electrode 

connected to the voltage holding capacitor electrode 105, a source electrode connected to 
a source power supply VS 5101, and a drain electrode connected to the pixel electrode 
107; and a liquid crystal 109 which is to be switched, disposed between the pixel 
electrode 107 and an opposing electrode 108. Here the first n-type MOS transistor (Qnl) 
20 5001 and the second and third n-type MOS transistors (Qn2) 5002 and (Qn3) 5003 are 
constituted by p-SiTFTs. 

Moreover, the source power supply VS 5101 for supply to the gate electrode of 
the third n-type MOS transistor (Qn3) 5003, is set so that a source-drain resistance Rdsn 
of the third n-type MOS transistor (Qn3) 5003 becomes less than or equal to the value of 
25 the resistance component which determines the response time constant of the liquid 
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crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsn, have the relation shown by 
the previously mentioned equation (5). For example, in the case when the resistance Rsp 
is 5 GQ , then a source power supply VS 5101 such that the source-drain resistance Rdsn 
does not exceed 1 G Q is supplied. The operating point for the third n-type J$OS 
transistor (Qn3) 5003 is the same as the beforementioned operating point shown in FIG. 
23. That is, with the example in FIG. 23, the gate-source voltage (VCH-VS) of the third 
n-type MOS transistor (Qn3) 5003 is set to around 3V. As a result, when the drain 
current of the third n-type MOS transistor (Qn3) 5003 becomes around 1E-8 (A) and the 
source-drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1 GQ. 
Furthermore, even if the third n-type MOS transistor (Qn3) 5003 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, the 
drain current is approximately constant. The third n-type MOS transistor (Qn3) 5003 is 
operated as the bias current power supply for the case where the second n-type MOS 
transistor (Qn2) 5002 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
twenty eighth embodiment shown in FIG. 51 is the same as the drive method for the 
liquid crystal display device of the twenty sixth and twenty seventh embodiments 
explained beforehand. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 48 and FIG. 49. Moreover, also in the case where a TN liquid crystal is driven 
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using the liquid crystal display device shown in FIG. 51, this can be driven with the same 
drive method as shown in FIG. 48 and FIG. 49. 

That is to say, if the liquid crystal display device shown in FIG. 51 is used, then 
as with the twenty sixth and twenty seventh embodiments, the fluctuations of the pixel 
5 voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 51, the 
construction is such that resetting of the second n-type MOS transistor (Qn2) 5002 
which operates as an analog amplifier, is performed by the second n-type MOS transistor 
10 (Qn2) 5002 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
15 compared to the liquid crystal display device described in the fourth and twelfth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from an 
n-type MOS transistor, there is the advantage that the manufacturing process is 
20 simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first n- 
type MOS transistor (Qnl) 5001 and the second and third n-type MOS transistors (Qn2) 
5002 and (Qn3) 5003 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
25 formed from single crystal silicon transistors . 
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When the above described liquid crystal display device and drive method of the 
twenty eighth embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 

5 display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 

10 crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A twenty ninth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 52 is a diagram showing a twenty ninth 

15 embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first n-type 
MOS transistor (Qnl) 5001 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
n-type MOS transistor (Qn2) 5002 with a gate electrode connected to the other of the 

20 source electrode and the drain electrode of the first n-type MOS transistor (Qnl) 5001, 
and one of a source electrode and a drain electrode connected to a reset pulse power 
supply VR 3704, and the other of the source electrode and the drain electrode connected 
to a pixel electrode 107; a voltage holding capacitor 106 formed between the gate 
electrode of the second n-type MOS transistor (Qn2) 5002 and a voltage holding 

25 capacitor electrode 105; a third n-type MOS transistor (Qn3) 5003 with a gate electrode 
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and a source electrode connected to the voltage holding capacitor electrode 105, and a 
drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
Here the first n-type MOS transistor (Qnl) 5001 and the second and third n-type MOS 
5 transistors (Qn2) 5002 and (Qn3) 5003 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the third n-type 
MOS transistor (Qn3) 5003 are both connected to the voltage holding capacitor electrode 
105, then the gate-source voltage Vgsn of the third n-type MOS transistor (Qn3) 5003 
becomes 0V. Under this bias condition, so that the source-drain resistance Rdsn of the 
10 third n-type MOS transistor (Qn3) 5003 satisfies the beforementioned equation (5), the 
threshold value voltage of the third n-type MOS transistor (Qn3) 5003 is shift controlled 
to the negative side by channel-dose. At this time, the drain current-gate current 
characteristics of the third n-type MOS transistor (Qn3) 5003, and the operating point are 
the same as shown in FIG. 26. That is, with the example in FIG. 26, the threshold value 
15 voltage is shift controlled to the negative side by channel-dose so that when the gate- 
source voltage is 0V, the drain current becomes approximately 1E-8 (A). As a result, 
when the drain current of the third n-type MOS transistor (Qn3) 5003 becomes around 
1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source-drain resistance 
Rdsn becomes 1GQ. Furthermore, even if the third n-type MOS transistor (Qn3) 5003 
20 is operated in the weakly inverted region with the source-drain voltage Vdsn changing 
from 2 to 14V, the drain current is approximately constant. The third n-type MOS 
transistor (Qn3) 5003 is operated as the bias current power supply for the case where the 
second n-type MOS transistor (Qn2) 5002 is operated as an analog amplifier. 

With the twenty ninth embodiment, the bias power supply VB 5004, and the 
25 source power supply VS 5101 necessary in the twenty seventh and twenty eighth 
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embodiments are not necessary. However a channel-dose forming step is additionally 
required. 

The above described drive method for the liquid crystal display device of the 
twenty ninth embodiment shown in FIG. 52 is the same as the drive method for the 
5 liquid crystal display device of the twenty sixth through twenty eighth embodiments 
explained beforehand. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
10 FIG. 48 and FIG. 49. Moreover, also in the case where a TN liquid crystal is driven 

using the liquid crystal display device shown in FIG. 52, this can be driven with the same 
drive method as shown in FIG. 48 and FIG. 49. 

That is to say, if the liquid crystal display device shown in FIG. 52 is used, then 
as with the twenty sixth through twenty eighth embodiments, the fluctuations of the pixel 
15 voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 52, the 
construction is such that resetting of the second n-type MOS transistor (Qn2) 5002 
which operates as an analog amplifier, is performed by the second n-type MOS transistor 
20 (Qn2) 5002 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
25 compared to the liquid crystal display device described in the fifth and thirteenth 
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embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from an 
n-type MOS transistor, there is the advantage that the manufacturing process is 
5 simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first n- 
type MOS transistor (Qnl) 5001 and the second and third n-type MOS transistors (Qn2) 
5002 and (Qn3) 5003 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
10 formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty ninth embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
15 display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
20 crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A thirtieth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 53 is a diagram showing a thirtieth embodiment of a 
25 liquid crystal display device of the present invention. As shown in the figure, the liquid 
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crystal display device of the present invention comprises: a first p-type MOS transistor 
(Qpl) 5301 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a second p-type MOS 
transistor (Qp2) 5302 with a gate electrode connected to the other of the source electrode 
5 and the drain electrode of the first p-type MOS transistor (Qpl) 5301, and one of a 

source electrode and a drain electrode connected to a reset pulse power supply VR 3704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
second p-type MOS transistor (Qp2) 5302 and a voltage holding capacitor electrode 105; 
10 a resistor RL 5303 connected between the pixel electrode 107 and the voltage holding 
capacitor electrode 105; and a liquid crystal 109 which is to be switched, disposed 
between the pixel electrode 107 and an opposing electrode 108. Here the first and 
second p-type MOS transistors (Qpl) 5301 and (Qp2) 5302 are constituted by p-SiTFTs. 
Moreover, the value of the resistor RL 5303, as with the second embodiment, is 
15 set to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
5303, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 GQ , then the value of the 
20 resistor RL 5303 is set to a value of around 1 GQ. A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 
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That is to say, the construction and manufacturing method for the case where the 
resistor RL 5303 is formed from a lightly doped p-type semiconductor thin film (p-) are 
the same as shown in FIG. 4. Moreover, the construction and manufacturing method for 
the case where the resistor RL 5303 is formed from a semiconductor thin film (i layer) 
5 which has not been doped with impurities are the same as shown in FIG. 5. Furthermore, 
the construction and manufacturing method for the case where the resistor RL 5303 is 
formed from a lightly doped p-n-type semiconductor thin film (p- n-) are the same as 
shown in FIG. 6. In the above, the description has been for the case where the resistor 
RL 5303 shown in FIG. 53 is formed from a semiconductor thin film or a semiconductor 
10 thin film doped with impurities. However provided the resistance satisfies equation (1), 
then other materials may be employed. 

As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 53. FIG. 54 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
15 a data signal voltage Vd, a gate voltage Va of the second p-type MOS transistor (Qp2) 
5302, and a pixel voltage Vpix, for the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven by the pixel 
construction shown in FIG. 53. Here the example is given for when the liquid crystal 
20 operates in a normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the reset pulse voltage VR becomes a 
high level VgH, the pixel electrode 107 attains the reset state due to the gate scanning 
voltage VgH being transferred through the second p-type MOS transistor (Qp2) 5302. 
Here as described below, the second p-type MOS transistor (Qp2) 5302 operates as a 
25 source follower type analog amplifier, after the reset pulse voltage VR becomes a low 
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level. However, due to the pixel voltage Vpix becoming VgH in the period where the 
reset pulse voltage VR is a high level, the resetting of the second p-type MOS transistor 
(Qp2) 5302 is performed. 

Then in the period immediately after the period where the reset pulse voltage VR 
5 becomes a high level VgH, where the gate scanning voltage Vg becomes a low level 
VgL, the first p-type MOS transistor (Qpl) 5301 comes on, and the data signal Vd input 
to the signal line is transferred to the gate electrode of the second p-type MOS transistor 
(Qp2) 5302 through the first p-type MOS transistor (Qpl) 5301. When the horizontal 
scanning period is completed and the gate scanning voltage Vg becomes a high level, the 
10 first p-type MOS transistor (Qpl) 5301 goes off, and the data signal transferred to the 
gate electrode of the second p-type MOS transistor (Qp2) 5302 is held by the voltage 
holding capacitor 105. At this time, with the gate input voltage Va of the second p-type 
MOS transistor (Qp2) 5302, at the time when the first p-type MOS transistor (Qpl) 5301 
goes off, a voltage shift referred to as a feed-through voltage occurs through the 
15 capacitance between the gate and the source of the first p-type MOS transistor (Qpl) 
5301. In FIG. 54 this is shown by Vfl, Vf2 and Vf3. The amount of this voltage shift 
Vfl, Vf2 and Vf3 can be made smaller by designing the value for the voltage holding 
capacitor 105 to be large. The gate input voltage Va of the second p-type MOS 
transistor (Qp2) 5302 is held until the gate scanning voltage Vg again becomes a low 
20 level in the subsequent field period and the first p-type MOS transistor (Qpl) 5301 is 
selected. 

On the other hand, the second p-type MOS transistor (Qp2) 5302, on completion 
of resetting in the reset period where the reset pulse voltage VR becomes a high level 
VgH, operates from the horizontal scanning period and thereafter as a source follower 
25 type analog amplifier with the pixel electrode 107 as the source electrode. At this time, 
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in order to operate the second p-type MOS transistor (Qp2) 5302 as an analog amplifier, 
a voltage at least higher than (Vdmax-Vtp) is supplied to the voltage holding capacitor 
electrode 105. Here Vdmax is the maximum value of the data signal voltage Vd, while 
Vtp is the threshold value voltage of the second p-type MOS transistor (Qp2) 5302. The 
5 second p-type MOS transistor (Qp2) 5302, during the period until the reset pulse voltage 
VR in the next field becomes VgH to thus execute reset, can output an analog gradation 
voltage corresponding to the held gate input voltage Va. This output voltage changes 
depending on the transconductance gmp of the second p-type MOS transistor (Qp2) 
5302 and the value of the resistor RL 5303, however it is generally represented by the 
10 previously mentioned equation (2). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
shown by the liquid crystal light transmittance in FIG. 54, it becomes possible to obtain a 
15 desired gradation for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the second p-type MOS transistor (Qp2) 5302 are 
20 performed at the same time. The timing chart for this case is shown in FIG. 55. 

Moreover, with the liquid crystal display device of the present invention, the 
construction is such that resetting of the second p-type MOS transistor (Qp2) 5302 
which operates as an analog amplifier is performed by the second p-type MOS transistor 
(Op2) 5302 itself. Therefore wiring and circuits such as a power supply lead and a reset 
25 switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
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smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the sixth and fourteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from a 
p-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first p- 
type MOS transistor (Qpl) 5301 and the second p-type MOS transistor (Qp2) 5302 were 
formed from p-SiTFTs. However these may be formed from other thin film transistors 
such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal 
silicon transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 54 and FIG. 55 is of course also possible. With the conventional liquid crystal 
display device, the liquid crystal capacitance changes due to the molecules of the TN 
liquid crystal switching, and as shown in the beforementioned FIG. 61, the pixel voltage 
Vpix fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 53, the second p-type MOS transistor (Qp2) 5302 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 
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When the above described liquid crystal display device and drive method of the 
thirtieth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A thirty first embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 56 is a diagram showing a thirty first embodiment of 
a liquid crystal display device of the present invention. As shown in the figure, the 
liquid crystal display device of the present invention comprises: a first p-type MOS 
transistor (Qpl) 5601 with a gate electrode connected to a scanning line 101, and one of 
a source electrode and a drain electrode connected to a signal line 102; a second p-type 
MOS transistor (Qp2) 5602 with a gate electrode connected to the other of the source 
electrode and the drain electrode of the first p-type MOS transistor (Qpl) 5601, and one 
of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
second p-type MOS transistor (Qp2) 5602 and a voltage holding capacitor electrode 105; 
a third p-type MOS transistor (Qp3) 5603 with a gate electrode connected to a bias 
power supply VB 5604, a source electrode connected to the voltage holding capacitor 
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electrode 105, and a drain electrode connected to the pixel electrode 107; and a liquid 
crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 
opposing electrode 108. Here the first p-type MOS transistor (Qpl) 5601 and the second 
and third p-type MOS transistors (Qp2) 5602 and (Qp3) 5603 are constituted by p- 
5 SiTFTs. Moreover, the bias power supply VB 5604 for supply to the gate electrode of 
the third p-type MOS transistor (Qp3) 5603, is set so that a source-drain resistance Rdsp 
of the third p-type MOS transistor (Qp3) 5603 becomes less than or equal to the value of 
the resistance component which determines the response time constant of the liquid 
m crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 

m 10 FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 

P the previously mentioned equation (3). 

HI For example, in the case when the resistance Rsp is 5 G Q , then a bias power 

q supply VB 5604 such that the source-drain resistance Rdsp does not exceed 1 GQ is 

M; supplied. At this time, the drain current-gate current characteristics of the third p-type 

yj 

J3 15 MOS transistor (Qp3) 5603, and the operating point are the same as shown in FIG. 11. 

That is, with the example in FIG. 11, the gate-source voltage (VB-VCH) of the third p- 
type MOS transistor (Qp3) 5603 is set to around -3V. As a result, when the drain current 
of the third p-type MOS transistor (Qp3) 5603 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1GQ. 
20 Furthermore, even if the third p-type MOS transistor (Qp3) 5603 is operated in the 

weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The third p-type MOS transistor (Qp3) 5603 is 
operated as the bias current power supply for the case where the second p-type MOS 
transistor (Qp2) 5602 is operated as an analog amplifier. 
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The above described drive method for the liquid crystal display device of the 
thirty first embodiment shown in FIG. 56 is the same as the drive method for the liquid 
crystal display device of the thirtieth embodiment shown beforehand with reference to 
FIG. 54 and FIG. 55. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 54 and FIG. 55. Moreover, also in the case where a TN liquid crystal is driven 
using the liquid crystal display device shown in FIG. 56, this can be driven with the same 
drive method as shown in FIG. 54 and FIG. 55. 

That is to say, if the liquid crystal display device shown in FIG. 56 is used, then 
as with the thirtieth embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 56, the 
construction is such that resetting of the second p-type MOS transistor (Qp2) 5602 
which operates as an analog amplifier, is performed by the second p-type MOS transistor 
(Qp2) 5602 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR 3704 is "provided separately, 
then compared to the liquid crystal display device described in the seventh and fifteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 
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Moreover, with the present embodiment, since the pixel portion is made from a 
p-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first p- 
type MOS transistor (Qpl) 5601 and the second and third p-type MOS transistors (Qp2) 
5602 and (Qp3) 5603 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
thirty first embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A thirty second embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 57 is a diagram showing a thirty second 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first p-type 
MOS transistor (Qpl) 5601 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 



-166- 

p-type MOS transistor (Qp2) 5602 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first p-type MOS transistor (Qpl) 5601, 
and one of a source electrode and a drain electrode connected to a reset pulse power 
supply VR 3704, and the other of the source electrode and the drain electrode connected 

5 to a pixel electrode 107; a voltage holding capacitor 106 formed between the ,gate 
electrode of the second p-type MOS transistor (Qp2) 5602 and a voltage holding 
capacitor electrode 105; a third p-type MOS transistor (Qp3) 5603 with a gate electrode 
connected to the voltage holding capacitor electrode 105, a source electrode connected to 
a source power supply VS 5701, and a drain electrode connected to the pixel electrode 

10 107; and a liquid crystal 109 which is to be switched, disposed between the pixel 

electrode 107 and an opposing electrode 108. Here the first p-type MOS transistor (Qpl) 
5601 and the second and third p-type MOS transistors (Qp2) 5602 and (Qp3) 5603 are 
constituted by p-SiTFTs. 

Moreover, the source power supply VS 5701 for supply to the gate electrode of 

15 the third p-type MOS transistor (Qp3) 5603, is set so that a source-drain resistance Rdsp 
of the third p-type MOS transistor (Qp3) 5603 becomes less than or equal to the value of 
the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 

20 the previously mentioned equation (3), For example, in the case when the resistance Rsp 
is 5 GQ, then a source power supply VS 5701 such that the source-drain resistance Rdsp 

does not exceed 1 G Q is supplied. The operating point for the third p-type MOS 
transistor (Qp3) 5603 is the same as the beforementioned operating point shown in FIG. 
11. That is, with the example in FIG. 11, the gate-source voltage (VCH-VS) of the third 
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p-type MOS transistor (Qp3) 5603 is set to around -3V. As a result, when the drain 
current of the third p-type MOS transistor (Qp3) 5603 becomes around 1E-8 (A) and the 
source-drain voltage Vdsp is -10 V, then the source-drain resistance Rdsp becomes 1 GQ . 
Furthermore, even if the third p-type MOS transistor (Qp3) 5603 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2j;o -14V, the 
drain current is approximately constant. The third p-type MOS transistor (Op3) 5603 is 
operated as the bias current power supply for the case where the second p-type MOS 
transistor (Qp2) 5602 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
thirty second embodiment shown in FIG. 57 is the same as the drive method for the 
liquid crystal display device of the thirtieth and thirty first embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 54 and FIG. 
55. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
crystal display device shown in FIG. 57, this can be driven with the same drive method 
as shown in FIG. 54 and FIG. 55. 

That is to say, if the liquid crystal display device shown in FIG. 57 is used, then 
as with the thirtieth and thirty first embodiments, the fluctuations of the pixel voltage 
Vpix accompanying the response of the liquid crystal can be eliminated, enabling a 
desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 57, the 
construction is such that resetting of the second p-type MOS transistor (Qp2) 5602 
which operates as an analog amplifier, is performed by the second p-type MOS transistor 
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(Qp2) 5602 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

5 Furthermore, since the reset pulse power supply VR is provided separately, then 

compared to the liquid crystal display device described in the eighth and sixteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from a 

10 p-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it v/as noted that the first p- 
type MOS transistor (Qpl) 5601 and the second and third p-type MOS transistors (Qp2) 
5602 and (Qp3) 5603 were formed from p-SiTFTs. However these may be formed from 

15 other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
thirty second embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 

20 frame) period to perform color display, good color reproduction and high gradation 

display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 

25 fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
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crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A thirty third embodiment of the present invention will now be described in 
5 detail with reference to the figures. FIG. 58 is a diagram showing a thirty third 

embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first p-type 
MOS transistor (Qpl) 5601 with a gate electrode connected to a scanning line 101, and 
^ one of a source electrode and a drain electrode connected to a signal line 102; a second 

?y 10 p-type MOS transistor (Qp2) 5602 with a gate electrode connected to the other of the 

p source electrode and the drain electrode of the first p-type MOS transistor (Qpl) 5601, 

HJ and one of a source electrode and a drain electrode connected to a reset pulse power 

supply VR 3704, and the other of the source electrode and the drain electrode connected 
+ to a pixel electrode 107; a voltage holding capacitor 106 formed between the gate 

JS 15 electrode of the second p-type MOS transistor (Qp2) 5602 and a voltage holding 

capacitor electrode 105; a third p-type MOS transistor (Qp3) 5603 with a gate electrode 
and a source electrode connected to the voltage holding capacitor electrode 105, and a 
drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
20 Here the first p-type MOS transistor (Qpl) 5601 and the second and third p-type MOS 
transistors (Qp2) 5602 and (Qp3) 5603 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the third p-type 
MOS transistor (Qp3) 5603 are both connected to the voltage holding capacitor electrode 
105, then the gate-source voltage Vgsp of the third p-type MOS transistor (Qp3) 5603 
25 becomes 0V. Under this bias condition, so that the source-drain resistance Rdsp of the 
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third p-type MOS transistor (Qp3) 5603 satisfies the beforementioned equation (3), the 
threshold value voltage of the third p-type MOS transistor (Qp3) 5603 is shift controlled 
to the positive side by channel-dose. At this time, the drain current-gate current 
characteristics of the third p-type MOS transistor (Qp3) 5603, and the operating point are 
5 the same as shown in FIG. 14. That is, with the example in FIG. 14, the threshold value 
voltage is shift controlled to the positive side by channel-dose so that when the gate- 
source voltage is 0V, the drain current becomes approximately 1E-8 (A). As a result, 
when the drain current of the third p-type MOS transistor (Qp3) 5603 becomes around 
1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source-drain resistance 

10 Rdsp becomes 1 GQ . Furthermore, even if the third p-type MOS transistor (Qp3) 5603 
is operated in the weakly inverted region with the source-drain voltage Vdsp changing 
from -2 to -14V, the drain current is approximately constant. The third p-type MOS 
transistor (Qp3) 5603 is operated as the bias current power supply for the case where the 
second p-type MOS transistor (Qp2) 5602 is operated as an analog amplifier, 

15 With the thirty third embodiment, the bias power supply VB 5604, and the source 

power supply VS 5701 necessary in the thirty first and thirty second embodiments are 
not necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
thirty third embodiment shown in FIG. 58 is the same as the drive method for the liquid 

20 crystal display device of the thirtieth through thirty second embodiments explained 

beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 54 and FIG. 

25 55. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
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crystal display device shown in FIG. 58, this can be driven with the same drive method 
as shown in FIG. 54 and FIG. 55. 

That is to say, if the liquid crystal display device shown in FIG. 58 is used, then 
as with the thirtieth through thirty second embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 58, the 
construction is such that resetting of the second p-type MOS transistor (Qp2) 5602 
which operates as an analog amplifier, is performed by the second p-type MOS transistor 
(Qp2) 5602 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the ninth and seventeenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from a 
p~type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first p- 
type MOS transistor (Qpl) 5601 and the second and third p-type MOS transistors (Qp2) 
5602 and (Qp3) 5603 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 
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When the above described liquid crystal display device and drive method of the 
thirty third embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

As described above, by application of the liquid crystal display device and drive 
method of the present invention, the fluctuation in pixel voltage accompanying the 
response of the liquid crystal can be eliminated, and hence a more accurate gradation 
display than heretofore can be realized. In particular, even with a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
drive is possible without the occurrence of fluctuations in the pixel voltage. As a result, 
it is possible to perform accurate gradation display for each one field (frame), so that 
even with a liquid crystal display device of a time division driving method , good color 
reproduction and high gradation display can be realized. 

Furthermore, with the liquid crystal display device and drive method of the 
present invention, the construction is such that the scanning voltage is used as the power 
supply for the MOS type transistor which operates as an analog amplifier, and as the 
reset power supply, and resetting of the amplifier is performed by the MOS transistor 
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itself. Therefore, wiring and circuits such as a power supply lead, a reset power supply 
lead and a reset switch, become unnecessary. Hence, the analog amplifier can be 
constructed with a smaller area than heretofore, giving a high aperture efficiency so that 
a noticeable effect is obtained. 

5 Moreover, with the liquid crystal display device and drive method of the present 

invention, since the load resistance of the source follower type analog amplifier, or the 
resistance of the active load transistor is a high value of for example 1 GQ then the 
steady state consumption current can be kept low. 

Due to the above characteristics, a small size, light weight, high aperture 

10 efficiency, high speed, high visual field, high gradation, low power consumption, and 
low cost projector apparatus, notebook PC or monitor liquid crystal display device can 
be provided. 
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What is claimed is: 

1. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of cross-over 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit is comprised of: 

a MOS type transistor in which a gate electrode is connected to a scanning line and 
one of a source electrode and a drain electrode is connected to said signal line; 

a MOS type analog amplifier circuit in which an input electrode is connected to 
another one of the source electrode and the drain electrode of said MOS type transistor, 
and an output electrode is connected to a pixel electrode; and 

a voltage holding capacitor formed between an input electrode of said MOS type 
analog amplifier circuit and a voltage holding capacitor electrode. 

2. An active matrix-type liquid crystal display device according to claim 1, wherein 
said MOS type transistor circuits are formed by thin film transistors. 

3. An active matrix-type liquid crystal display device according to claim 1, wherein 
said liquid crystal display device include a liquid crystal material selected from the group 
consisting of a nematic liquid crystal or a ferroelectric liquid crystal, an antiferroelectric 
liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, and a monostable 
ferroelectric liquid crystal. 
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4. A method of driving an active matrix-type liquid crystal display device according 
to claim 1, said method comprising the steps of: 

storing data signals in the voltage holding capacitor through said MOS type transistor 
in a scanning line selection period; and 

writing a signal corresponding to said stored data signal to a pixel electrode through 
said MOS type analog amplifier circuit in a scanning line selection period and a scanning 
line non-selection period, 

5. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

an n-type MOS transistor having a gate electrode connected to a scanning line and a 
source electrode and a drain electrode, any on of which is connected to a signal line; 

a p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor and a source 
electrode and a drain electrode, one of which is connected to said scanning line, and 
another one of the source electrode and the drain electrode connected to the pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a resistor connected between said pixel electrode and said voltage holding capacitor. 

6. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
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points of a plurality of scanning lines and a plurality of signal lines, said MOS type 

transistor circuit comprises: 
5 an n-type MOS transistor having a gate electrode connected to a scanning line and a 

source electrode and a drain electrode, any one of which is connected to a signal line; 
a first p-type MOS transistor having a gate electrode connected to anotherone of the 

source electrode and the drain electrode of said n-type MOS transistor and a source 

electrode and a drain electrode, one of which is connected to said scanning line, and 
10 another one of the source electrode and the drain electrode connected to a pixel 

electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second p-type MOS transistor with a gate electrode connected to a voltage 
15 adjustable power supply line, a source electrode connected to said voltage holding 
capacitor electrode, and a drain electrode connected to said pixel electrode. 

7. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 
5 an n-type MOS transistor having a gate electrode connected to a scanning line and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, a source electrode 
and a drain electrode, one of which is connected to said scanning line, and the source 
10 electrode and the drain electrode, one of which is connected to a pixel electrode; 
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a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second p-type MOS transistor having a gate electrode connected to said voltage 
holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to said pixel electrode. 

8, A liquid crystal display device wherein, in an active matrix type liquid crystal 
display device where pixel electrodes are driven by MOS type transistor circuits 
respectively disposed in the vicinity of intersection point of a plurality of scanning lines 
and a plurality of signal lines, said MOS type transistor circuit comprises: 

an n-type MOS transistor with a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and a source 
electrode and a drain electrode, another one of which is connected to said scanning line, 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode, and 

a second p-type MOS transistor with a gate electrode and a source electrode 
connected to said voltage holding capacitor electrode and a drain electrode connected to 
said pixel electrode. 

9. An active matrix-type liquid crystal display device according to claim 5, wherein 
the value of said resistance is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 
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10. An active matrix-type liquid crystal display device according to claim 5, wherein 
said resistance is formed by a semiconductor thin film, or a semiconductor thin 

film which has been doped with impurities. 

11. An active matrix-type liquid crystal display device according to claimS, wherein 
a value of the resistance between the source and drain of said second p-type MOS 
transistor is set to less than or equal to the value of a resistance component which 
determines a response time constant of the liquid crystal. 

12. An active matrix-type liquid crystal display device according to claim 5, wherein 
said MOS type transistor circuits are formed by integrating thin film transistors. 

13. An active matrix-type liquid crystal display device according to claim 5, wherein 
the liquid crystal material is selected from the group consisting of a nematic liquid 
crystal, a ferroelectric liquid crystal, an antiferroelectric liquid crystal, a thresholdless 
antif erroelectric liquid crystal, a distorted helix ferroelectric liquid crystal, a twisted 

5 ferroelectric liquid crystal, or a monostable ferroelectric liquid crystal. 

14. A method of driving an active matrix-type liquid crystal display device according 
to claim 5, said method comprising the steps of: 

supplying a voltage higher than a maximum voltage of said data signal to said voltage 
holding capacitor electrode; 
5 storing data signals in said voltage holding capacitor through said n-type MOS 

transistor by means of a scanning pulse signal, and resetting said p-type MOS transistor 
or said first p-type MOS transistor by transferring the scanning pulse signal to said pixel 
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electrode through said p-type MOS transistor or said first p-type MOS transistor, in a 
scanning line selection period; and 
10 after completion of the scanning line selection period, writing signals corresponding 
to said stored data signals to pixel electrodes through said p-type MOS transistor or said 
first p-type MOS transistor. ^ ^ 

IS. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 
5 a p-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

an n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and a source 
electrode and a drain electrode, one of which is connected to said scanning line, and 
10 another one of the source electrode and the drain electrode connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said n-type MOS 
transistor and a voltage holding capacitor electrode; and 

a resistor connected between said pixel electrode and said voltage holding capacitor 
15 electrode. 



16. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
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points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first n-type MOS transistor having a gate electrode connected to the other of the 
source electrode and the drain electrode of said p-type MOS transistor, and a source 
electrode and a drain electrode, one of which is connected to said scanning line, and 
another one of the source electrode and the drain electrode connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode, and 

a second n-type MOS transistor having a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to said voltage holding 
capacitor electrode, and a drain electrode connected to said pixel electrode. 

17. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and a source 
electrode and a drain electrode, one of which is connected to said scanning line, and 
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another one of the source electrode and the drain electrode being connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode, and 

a second n-type MOS transistor having a gate electrode connected to said voltage 
holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to said pixel electrode. 

18. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to a scanning line, a source 
electrode and a drain electrode, one of which is connected to a signal line; 

a first n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
source electrode and a drain electrode connected to said scanning line, and another one 
of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode, and 

a second n-type MOS transistor with a gate electrode and a source electrode 
connected to said voltage holding capacitor electrode, and a drain electrode connected to 
said pixel electrode. 
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19. A liquid crystal display device according to claim 15, the value of said resistance 
is set to less than or equal to the value of a resistance component which determines a 
response time constant of the liquid crystal. 

20. A liquid crystal display device according to claim 15, wherein said resistance is 
formed from a semiconductor thin film, or a semiconductor thin film which has been 
doped with impurities. 

21. A liquid crystal display device according to claim 16, wherein the value of a 
resistance between the source and the drain of said second n-type MOS transistor is set 
to less than or equal to the value of a resistance component which determines a response 
time constant of the liquid crystal. 

22. A liquid crystal display device according to claim 15, wherein said MOS type 
transistor circuits are formed by integrating thin film transistors. 

23. A liquid crystal display device according to claim 15, wherein the liquid crystal 
material is selected from the group consisting of a nematic liquid crystal, a ferroelectric 
liquid crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid 
crystal, a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, 
and a monostable ferroelectric liquid crystal. 

24. A method of driving an active matrix-type liquid crystal display device according 
to claim 15, said method comprising the steps of: 
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supplying a voltage lower than a minimum voltage of said data signal to said voltage 
holding capacitor electrode; 

storing a data signal in said voltage holding capacitor through said p-type MOS 
transistor by means of a scanning pulse signal, and resetting said n-type MOS transistor 
or said first n-type MOS transistor by transferring the scanning pulse signal to said pixel 
electrode through said n-type MOS transistor or said first n-type MOS transistor in a 
scanning line selection period; and 

after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to pixel electrode through said n-type MOS transistor or said 
first n-type MOS transistor. 

25. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

an n-type MOS transistor having a gate electrode connected to an Nth (where N is an 
integer of two or more) scanning line, and a source electrode and a drain electrode, one 
of which is connected to a signal line; 

a p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and a source 
electrode and a drain electrode, one of which is connected to an (N-l)th scanning line, 
and another one of the source electrode and the drain electrode connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said p-type MOS 
transistor and a voltage holding capacitor electrode; and 
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a resistor connected between said pixel electrode and said voltage holding capacitor 
electrode. 

26. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

an n-type MOS transistor having a gate electrode connected to an Nth scanning line, 
and a source electrode and a drain electrode, one of which is connected to a signal line; 

a first p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second p-type MOS transistor having a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to said voltage holding 
capacitor electrode, and a drain electrode connected to said pixel electrode. 

27. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

an n-type MOS transistor having a gate electrode connected to an Nth scanning line, 
and a source electrode and a drain electrode, one of which is connected to a signal line; 
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a first p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and another 
one of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second p-type MOS transistor having a gate electrode connected to said voltage 
holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to said pixel electrode. 

28. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

an n-type MOS transistor having a gate electrode connected to an Nth scanning line, 
and a source electrode and a drain electrode, one of which is connected to a signal line; 

a first p-type MOS transistor with a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and another 
one of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second p-type MOS transistor having a gate electrode and a source electrode 
connected to said voltage holding capacitor electrode, and a drain electrode connected to 
said pixel electrode. 
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29. A liquid crystal display device according to claim 25, wherein the value of said 
resistance is set to less than or equal to the value of a resistance component which 
determines a response time constant of the liquid crystal. 

30. A liquid crystal display device according to claim 25, wherein said resistance is 
formed from a semiconductor thin film, or a semiconductor thin film which has been 
doped with impurities. 

31. A liquid crystal display device according to claim 25, wherein the value of the 
resistance between the source and drain of said second p-type MOS transistor is set to 
less than or equal to the value of a resistance component which determines a response 
time constant of the liquid crystal. 

32. A liquid crystal display device according to claim 25, wherein said MOS type 
transistor circuits are formed by integrating thin film transistors. 

33. A liquid crystal display device according to claim 25, the liquid crystal material 
is selected from the group consisting of a nematic liquid crystal, a ferroelectric liquid 
crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid crystal, a 
distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a 

5 monostable ferroelectric liquid crystal. 

34. A method of driving a liquid crystal display device according to claim 25 
comprising the steps of: 
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supplying a voltage higher than a maximum voltage of said data signal to said voltage 
holding capacitor electrode; 

in a scanning line selection period of a previous line, resetting said p-type MOS 
transistor or said first p-type MOS transistor by transferring the scanning pulse signal of 
the previous line to said pixel electrode through said p-type MOS transistor or said first 
p-type MOS transistor; and 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said n-type MOS transistor by means of a scanning pulse signal, and 
writing a signal corresponding to said stored data signal to pixel electrode through said 
p-type MOS transistor or said first p-type MOS transistor, and also continuing on after 
completion of the scanning line selection period, writing signal corresponding to said 
stored data signal to the pixel electrode through said p-type MOS transistor or said first 
p-type MOS transistor. 

35. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to an Nth (where N is an 
integer of two or more) scanning line, and a source electrode and a drain electrode, one 
of which is connected to a signal line; 

a n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and another 
one of the source electrode and the drain electrode connected to a pixel electrode, 
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a voltage holding capacitor formed between the gate electrode of said n-type MOS 
transistor and a voltage holding capacitor electrode, and 

a resistor connected between said pixel electrode and said voltage holding capacitor 
15 electrode. 

36. An active matrix type liquid crystal display device in which pixel electrodes are 

driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 

points of a plurality of scanning lines and a plurality of signal lines, said MOS type 

transistor circuit comprises: 
5 a p-type MOS transistor having a gate electrode connected to an Nth (where N is an 

integer of two or more) scanning line, and a source electrode and a drain electrode, one 

of which is connected to a signal line; 

a first n-type MOS transistor having a gate electrode connected to another one of the 

source electrode and the drain electrode of said p-type MOS transistor, and a source 
10 electrode and a drain electrode, one of which is connected to an (N-l)th scanning line, 

and another one of the source electrode and the drain electrode connected to a pixel 

electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode, and 
15 a second n-type MOS transistor having a gate electrode connected to a voltage 

adjustable bias power supply line, a source electrode connected to said voltage holding 
capacitor electrode, and a drain electrode connected to said pixel electrode. 

37. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
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points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 
5 a p-type MOS transistor having a gate electrode connected to an Nth (where N is an 
integer of two or more) scanning line, and a source electrode and a drain electrode, one 
of which is connected to a signal line; ^ 

a first n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
10 source electrode and a drain electrode connected to an (N-l)th scanning line, and another 
one of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second n-type MOS transistor having a gate electrode connected to said voltage 
15 holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to said pixel electrode. 

38. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 
5 a p-type MOS transistor having a gate electrode connected to an Nth (where N is an 
integer of two or more) scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; 

a first n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
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source electrode and a drain electrode connected to an (N-l)th scanning line, and another 
one of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second n-type MOS transistor with a gate electrode and a source electrode 
connected to said voltage holding capacitor electrode, and a drain electrode connected to 
said pixel electrode. 

39. A liquid crystal display device according to claim 35, wherein the value of said 
resistance is set to less than or equal to the value of a resistance component which 
determines a response time constant of the liquid crystal. 

40. A liquid crystal display device according to claim 35, said resistance is formed 
from a semiconductor thin film, or a semiconductor thin film which has been doped with 
impurities. 

41. A liquid crystal display device according to claim 36, the value of a resistance 
between the source and drain of said second n-type MOS transistor is set to less than or 
equal to the value of a resistance component which determines a response time constant 
of the liquid crystal. 

42. A liquid crystal display device according to claim 35, said MOS type transistor 
circuits are formed by integrating thin film transistors. 
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43. A liquid crystal display device according to claim 35, the liquid crystal material 
is selected from the group consisting of a nematic liquid crystal, a ferroelectric liquid 
crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid crystal, a 
distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a 
monostable ferroelectric liquid crystal. 

44. A method of driving a liquid crystal display device according to claim 35, said 
method comprising the steps of: 

supplying a voltage lower than a minimum voltage of said data signal to said voltage 
holding capacitor electrode; 

in a scanning line selection period of the previous line, resetting said n-type MOS 
transistor or said first n-type MOS transistor by transferring the scanning pulse signal of 
the previous line to said pixel electrode through said n-type MOS transistor or said first 
n-type MOS transistor; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said p-type MOS transistor by means of a scanning pulse signal, and 
writing a signal corresponding to said stored data signal to a pixel electrode through said 
n-type MOS transistor or said first n-type MOS transistor, and 

after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to a pixel electrode through said n-type MOS transistor or said 
first n-type MOS transistor. 

45. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
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intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 
5 an n-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and another one of 
10 the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said p-type MOS 
transistor and a voltage holding capacitor electrode; and 

a resistor connected between said pixel electrode and said voltage holding capacitor 
electrode. 

15 

46. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

5 an n-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 

10 source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode, and 
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a second p-type MOS transistor with a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to said voltage holding 
capacitor electrode, and a drain electrode connected to said pixel electrode. 

47. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

an n-type MOS transistor with a gate electrode connected to a scanning line, and one 
of a source electrode and a drain electrode connected to a signal line; 

a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of said n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second p-type MOS transistor with a gate electrode connected to said voltage 
holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to said pixel electrode. 

48. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 
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an n-type MOS transistor with a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first p-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second p-type MOS transistor with a gate electrode and a source electrode 
connected to said voltage holding capacitor electrode, and a drain electrode connected to 
said pixel electrode. 

49. A liquid crystal display device according to claim 45, the value of said resistance 
is set to less than or equal to the value of a resistance component which determines a 
response time constant of the liquid crystal. 

50. A liquid crystal display device according to claim 45, said resistance is formed 
from a semiconductor thin film, or a semiconductor thin film which has been doped with 
impurities. 

51. A liquid crystal display device according to claim 46, the value of a resistance 
between the source and drain of said second p-type MOS transistor is set to less than or 
equal to the value of a resistance component which determines a response time constant 
of the liquid crystal. 
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52. A liquid crystal display device according to claim 45, said MOS type transistor 
circuits are formed by integrating thin film transistors. 

53. A liquid crystal display device according to claim 45, the liquid crystal material 
is selected from a group consisting of a nematic liquid crystal, a ferroelectric liquid 
crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid crystal, 
a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a 
monostable ferroelectric liquid crystal. 

54. A method of driving a liquid crystal display device according to claim 35 
comprising the steps of: 

supplying a voltage higher than a maximum voltage of said data signal to said voltage 
holding capacitor electrode; 

in a previous time prior to the scanning line selection period, resetting said p-type 
MOS transistor or said first p-type MOS transistor by transferring a reset signal to said 
pixel electrode through said p-type MOS transistor or said first p-type MOS transistor; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said n-type MOS transistor by means of a scanning pulse signal, and 
writing a signal corresponding to said stored data signal to a pixel electrode through said 
p-type MOS transistor or said first p-type MOS transistor; and 

after completion of the scanning line selection period, writing the signals 
corresponding to said stored data signal to the pixel electrode through said p-type MOS 
transistor or said first p-type MOS transistor. 
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55. A method of driving a liquid crystal display device according to claim 45, said 
method comprises the steps of: 

supplying a voltage higher than a maximum voltage of said data signal to said voltage 
holding capacitor electrode; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said n-type MOS transistor by means of a scanning pulse signal, and 
resetting said p-type MOS transistor or said first p-type MOS transistor by transferring a 
reset signal to said pixel electrode through said p-type MOS transistor or said first p- 
type MOS transistor; and 

after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to a pixel electrode through said p-type MOS transistor or said 
first p-type MOS transistor. 

56. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to a scanning line and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

an n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
source electrode and a drain electrode being connected to a reset electrode, and the other 
of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said n-type MOS 
transistor and a voltage holding capacitor electrode, and 
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a resistor connected between said pixel electrode and said voltage holding capacitor 
electrode. 

57. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
source electrode and a drain electrode being connected to a reset electrode, and the other 
of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second n-type MOS transistor with a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to said voltage holding 
capacitor electrode, and a drain electrode connected to said pixel electrode. 

58. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line, 
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a first n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second n-type MOS transistor having a gate electrode connected to said voltage 
holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to said pixel electrode. 

59. An active matrix type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a p-type MOS transistor having a gate electrode connected to a scanning line, and a 
source electrode and a drain electrode, one of which is connected to a signal line; 

a first n-type MOS transistor having a gate electrode connected to another one of the 
source electrode and the drain electrode of said p-type MOS transistor, and one of a 
source electrode and a drain electrode being connected to a reset electrode, and another 
one of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said first n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a second n-type MOS transistor with a gate electrode and a source electrode 
connected to said voltage holding capacitor electrode, and a drain electrode connected to 
said pixel electrode. 
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60. A liquid crystal display device according to claim 56, wherein the value of said 
resistance is set to less than or equal to the value of a resistance component which 
determines a response time constant of the liquid crystal. 

a. 

61. A liquid crystal display device according to claim 56, wherein said resistance is 
formed from a semiconductor thin film, or a semiconductor thin film which has been 
doped with impurities. 

62. A liquid crystal display device according to claim 57, wherein the value of a 
source-drain resistance of said second n-type MOS transistor is set to less than or equal 
to the value of a resistance component which determines a response time constant of the 
liquid crystal. 

63. A liquid crystal display device according to claim 56, wherein said MOS type 
transistor circuits are formed by integrating thin film transistors. 

64. A liquid crystal display device according to claim 56, wherein the liquid crystal 
material is selected from the group consisting of a nematic liquid crystal, a ferroelectric 
liquid crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid 
crystal, a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, 
and a monostable ferroelectric liquid crystal. 

65. A method of driving a liquid crystal display device according to claim 56, 
said method comprising the steps of: 
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supplying a voltage lower than a minimum voltage of said data signal to said voltage 
holding capacitor electrode; 

at a time prior to a scanning line selection period, resetting said n-type MOS 
transistor or said first n-type MOS transistor by transferring a reset signal to said pixel 
electrode through said n-type MOS transistor or said first n-type MOS transistor; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said n-type MOS transistor by means of a scanning pulse signal, and 

writing a signal corresponding to said stored data signal to a pixel electrode through 
said n-type MOS transistor or said first n-type MOS transistor, and 

after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to the pixel electrode through said n-type MOS transistor or 
said first n-type MOS transistor. 

66. A method of driving a liquid crystal display device according to claim 56, said 
method comprising the steps of: 

supplying a voltage lower than a minimum voltage of said data signal to said voltage 
holding capacitor electrode; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said p-type MOS transistor by means of a scanning pulse signal, 

resetting said n-type MOS transistor or said first n-type MOS transistor by 
transferring a reset signal to said pixel electrode through said n-type MOS transistor or 
said first n-type MOS transistor; and 

after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to a pixel electrode through said n-type MOS transistor or said 
first n-type MOS transistor. 
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67. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a first n-type MOS transistor having a gate electrode connected to a scanning line, and 
a source electrode and a drain electrode, one of which is connected to a signal line; 

a second n-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first n-type MOS transistor, and one 
of a source electrode and a drain electrode being connected to a reset electrode, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said second n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a resistor connected between said pixel electrode and said voltage holding capacitor 
electrode. 

68. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a first n-type MOS transistor having a gate electrode connected to a scanning line, and 
a source electrode and a drain electrode, one of which is connected to a signal line; 

a second n-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first n-type MOS transistor, and one 
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of a source electrode and a drain electrode being connected to a reset electrode, and the 
10 other of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said second n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a third n-type MOS transistor with a gate electrode connected to a voltage ^adjustable 
bias power supply line, a source electrode connected to said voltage holding capacitor 
15 electrode, and a drain electrode connected to said pixel electrode. 

69. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

5 a first n-type MOS transistor having a gate electrode connected to a scanning line, and 

a source electrode and a drain electrode, one of which is connected to a signal line, 

a second n-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first n-type MOS transistor, and one 
of a source electrode and a drain electrode being connected to a reset electrode, and 

10 another one of the source electrode and the drain electrode connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said second n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a third n-type MOS transistor having a gate electrode connected to said voltage 
15 holding capacitor electrode, a source electrode connected to a voltage adjustable bias 
power supply line, and a drain electrode connected to said pixel electrode. 
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70. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a first n-type MOS transistor having a gate electrode connected to a scanning line, and 
a source electrode and a drain electrode, one of which is connected to a signal line; 

a second n-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first n-type MOS transistor, and one 
of a source electrode and a drain electrode being connected to a reset electrode, and 
another one of the source electrode and the drain electrode connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said second n-type 
MOS transistor and a voltage holding capacitor electrode; and 

a third n-type MOS transistor with a gate electrode and a source electrode connected 
to said voltage holding capacitor electrode, and a drain electrode connected to said pixel 
electrode. 

71. A liquid crystal display device according to claim 67, the value of said resistance 
is set to less than or equal to the value of a resistance component which determines a 
response time constant of the liquid crystal. 

72. A liquid crystal display device according to claim 67, wherein said resistance is 
formed from a semiconductor thin film, or a semiconductor thin film which has been 
doped with impurities. 
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73. A liquid crystal display device according to claim 68, wherein the value of a 
resistance between the source and drain of said third n-type MOS transistor is set to less 
than or equal to the value of a resistance component which determines a response time 
constant of the liquid crystal. 

. A- 

74. A liquid crystal display device according to claim 67, said MOS type transistor 
circuits are formed by integrating thin film transistors. 

75. A liquid crystal display device according to claim 67, the liquid crystal material 
is selected from the group consisting of a nematic liquid crystal, a ferroelectric liquid 
crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid crystal, a 
distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a 
monostable ferroelectric liquid crystal. 

76. A method of driving a liquid crystal display device according to claim 67, said 
method comprising the steps of: 

supplying a voltage lower than a minimum voltage of said data signal to said voltage 
holding capacitor electrode; 

at a time prior to a scanning line selection period, resetting said second n-type MOS 
transistor by transferring a reset signal to said pixel electrode through said second n-type 
MOS transistor; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said first n-type MOS transistor by means of a scanning pulse signal, 

writing a signal corresponding to said stored data signal to a pixel electrode through 
said second n-type MOS transistor, and 
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after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to a pixel electrode through said second n-type MOS transistor. 

77. A method of driving a liquid crystal display device according to claim 67, said 
method comprising the steps of: 

supplying a voltage lower than a minimum voltage of said data signal to said voltage 
holding capacitor electrode; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said first n-type MOS transistor by means of a scanning pulse signal, 
and resetting said second n-type MOS transistor by transferring a reset signal to said 
pixel electrode through said second n-type MOS transistor; 

and after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to a pixel electrode through said second n-type MOS transistor. 

78. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a first p-type MOS transistor having a gate electrode connected to a scanning line, and 
one of a source electrode and a drain electrode connected to a signal line; 

a second p-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first p-type MOS transistor, and one 
of a source electrode and a drain electrode being connected to a reset electrode, and 
another one of the source electrode and the drain electrode connected to a pixel 
electrode; 
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a voltage holding capacitor formed between the gate electrode of said second p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a resistor connected between said pixel electrode and said voltage holding capacitor 
electrode. 

79. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection point of a plurality of scanning lines and a plurality of signal lines, said 
MOS type transistor circuit comprises: 

a first p-type MOS transistor with a gate electrode connected to a scanning line, and 
a source electrode and a drain electrode connected to a signal line; 

a second p-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first p-type MOS transistor, and one 
of a source electrode and a drain electrode being connected to a reset electrode, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; 

a voltage holding capacitor formed between the gate electrode of said second p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a third p-type MOS transistor with a gate electrode connected to a voltage adjustable 
bias power supply line, a source electrode connected to said voltage holding capacity 
electrode, and a drain electrode connected to said pixel electrode. 

80. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
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points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

a first p-type MOS transistor having a gate electrode connected to a scanning line, and 
a source electrode and a drain electrode, one of which is connected to a signal line; 

a second p-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first p-type MOS transistor, and one 
of a source electrode and a drain electrode being connected to a reset electrode, and 
another one of the source electrode and the drain electrode connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said second p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a third p-type MOS transistor with a gate electrode connected to said voltage holding 
capacitor electrode, a source electrode connected to a voltage adjustable bias power 
supply line, and a drain electrode connected to said pixel electrode. 

81. An active matrix-type liquid crystal display device in which pixel electrodes are 
driven by MOS type transistor circuits respectively disposed in the vicinity of crossover 
points of a plurality of scanning lines and a plurality of signal lines, said MOS type 
transistor circuit comprises: 

a first p-type MOS transistor having a gate electrode connected to a scanning line, and 
a source electrode and a drain electrode, one of which is connected to a signal line; 

a second p-type MOS transistor having a gate electrode connected to another one of 
the source electrode and the drain electrode of said first p-type MOS transistor, and one 
of a source electrode and a drain electrode being connected to a reset electrode, and 
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another one of the source electrode and the drain electrode connected to a pixel 
electrode; 

a voltage holding capacitor formed between the gate electrode of said second p-type 
MOS transistor and a voltage holding capacitor electrode; and 

a third p-type MOS transistor having a gate electrode and a source electrode 
connected to said voltage holding capacitor electrode, and a drain electrode connected to 
said pixel electrode. 

82. A liquid crystal display device according to claim 78, wherein the value of said 
resistance is set to less than or equal to the value of a resistance component which 
determines a response time constant of the liquid crystal. 

83. A liquid crystal display device according to claim 78, wherein said resistance is 
formed from a semiconductor thin film or a semiconductor thin film which has been 
doped with impurities. 

84. A liquid crystal display device according to claim 79, wherein the value of a 
source-drain resistance of said third p-type MOS transistor is set to less than or equal to 
the value of a resistance component which determines a response time constant of the 
liquid crystal. 

85. A liquid crystal display device according to claim 78, wherein said MOS type 
transistor circuits are formed by integrating thin film transistors. 
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86. A liquid crystal display device according to claim 78, wherein the liquid crystal 
material is selected from the group consisting of a nematic liquid crystal, a ferroelectric 
liquid crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid 
crystal, a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, 
and a monostable ferroelectric liquid crystal. 

87. A method of driving a liquid crystal display device according to claim 78, said 
method of driving comprising the steps of: 

supplying a voltage higher than a maximum voltage of said data signal to said voltage 
holding capacitor electrode; 

at a time prior to a scanning line selection period, resetting said second p-type MOS 
transistor by transferring a reset signal to said pixel electrode through said second p-type 
MOS transistor; 

in a scanning line selection period, storing a data signal in said voltage holding 
capacitor through said first p-type MOS transistor by means of a scanning pulse signal, 
and writing a signal corresponding to said stored data signal to a pixel electrode through 
said second p-type MOS transistor, and 

after completion of the scanning line selection period, writing a signal corresponding 
to said stored data signal to a pixel electrode through said second p-type MOS transistor. 

88. A method of driving a liquid crystal display device according to claim 78, said 
method comprising the steps of: 

supplying a voltage higher than a maximum voltage of said data signal to said voltage 
holding capacitor electrode; 
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5 in a scanning line selection period, storing a data signal in said voltage holding 

capacitor through said first p-type MOS transistor by means of a scanning pulse signal, 
and resetting said second p-type MOS transistor by transferring a reset signal to said 
pixel electrode through said second p-type MOS transistor; and 

after completion of the scanning line selection period, writing a signal corresponding 
10 to said stored data signal to a pixel electrode through said second p-type MOS transistor. 

89. A liquid crystal display device driven by a time division driving method 
comprising any one of liquid crystal display devices in claims 1 through 3, 5 through 13, 
15 through 23, 25 through 33, 35 through 43, 45 through 53, 56 through 64, 67 through 
15 75, and 78 through 86, which performs color display by driving while switching the 
color of incident light in each one field or one frame period. 
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ABSTRACT OF THE DISCLOSURE 



The invention provides a high speed liquid crystal display device which can 
perform accurate gradation display for each one field (frame), by eliminatingfluctuations 
in pixel voltage which accompany changes in capacitance of a liquid crystal. The 
construction involves an active matrix type liquid crystal display device, wherein pixel 
electrodes are driven by MOS type transistor circuits respectively disposed in the vicinity 
of crossover points of a plurality of scanning lines 101 and a plurality of signal lines 102. 
Each of the MOS type transistor circuits comprises: an n-type MOS transistor 301 with a 
gate electrode connected to a scanning line 101, and one of a source electrode and a 
drain electrode connected to a signal line 102, a p-type MOS transistor 302 with a gate 
electrode connected to the source electrode or the drain electrode of the n-type MOS 
transistor 301 which is not connected to the signal line 102, and one of a source 
electrode and a drain electrode connected to the scanning line 101, and the other of the 
source electrode and the drain electrode connected to a pixel electrode 107, a voltage 
holding capacitor 106 formed between the gate electrode of the p-type MOS transistor 
302 and a voltage holding capacitor electrode 105, and a resistor connected between the 
pixel electrode 107 and the voltage holding capacitor electrode 105. 
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